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FOREWORD 
This dissertation is presented in several chapers. CHAPTER I 
is a general introduction. CHAPTER II is a review of the literature 
related to topics researched in this dissertation. CHAPTER III is 
written in the form of a manuscript draft to be submitted for publication 
to Agronomy Journal. CHAPTER IV is presented as a general discussion 
of interseeding as a method of pasture improvement and includes 
supportive data for comparison of interseeded swards with unimproved 
swards and swards Improved by other methods. CHAPTER V is the 
summation of conclusions based on results of the research study. 
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CHAPTER I. INTRODUCTION 
Improving pasture productivity has been the objective of innumerable 
research studies and extension demonstrations for many years. Much 
of the permanent pastureland in the humid northeast and northcentral 
United States is dominated by Kentucky bluegrass (KBG) (Poa pratensis 
L.) and weeds. This land can be characterized as having low forage 
productivity with a distribution of production often inadequate to meet 
the nutritional needs of grazing livestock. Limited improvement in 
pasture productivity can be made simply by weed control, improving 
soil fertility, and using more efficient grazing management. Timely 
applications of nitrogen to bluegrass pastures can result in nearly a 
two-fold increase in animal productivity with the increase in animal 
response derived largely from increased dry matter productivity and an 
improved distribution of this productivity. The inclusion of a legume 
such as alfalfa (ALF) (Medicago sativa L.), birdsfoot trefoil (BFT) 
(Lotus cornlculatus L.), or a species of Trifolium in the pasture sward 
can result in nearly a three-fold increase in animal productivity 
as compared to the unimproved bluegrass sward. This substantial 
improvement resulting from the inclusion of a legume comes in part from 
improved dry matter production and distribution of production as well as 
from improved digestibility of the forage during much of the growing 
season. 
Legumes can be introduced into pastures by a number of methods. 
Legumes are commonly added during conventional pasture renovation 
seedings. Conventional renovation refers to a partial destruction 
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of the existing grass sod by mechanical tillage or a combination of 
chemical eradication of vegetation and mechanical tillage before 
establishment of a legume or grass singly or in mixture. The reduced 
herbage availability during most of the year of establishment and the 
serious erosion potential created by removal of vegetative cover are 
two objectionable factors associated with conventional renovation 
practice. A reduced-tillage concept for pasture renovation referred 
to as interseeding or sod-seeding has developed over the past two 
decades. The development of machines which cause a minimum disturbance 
of vegetative cover, coupled with the use of contact herbicides such as 
paraquat (l,l*-dimethyl-4,4'-bipyridinium dichloride) or glyphosate 
(N-(phosphonomethyl) glycine) for sward suppression, permit establishment 
of the desired forage species with negligible erosion. 
A number of interseeding studies have been conducted to determine 
effective combinations of species, seeding dates, seeding rates and 
placement, and herbicides for use in various climatic areas and sward 
types. Only limited data are available, however, concerning the manage­
ment of the interseeded sward and its influence on the establishment 
of the interseeded species during the seeding year. 
Literature pertaining to the development of perennial forage 
legumes under natural conditions has been limited to the legume seedlings 
developed in clear seedings and under cereal companion crops. The 
environment for a seedling within an established pasture is different 
from that in a seedbed prepared with a plow, disk, and other tillage 
implements. Success with interseeding depends on the seedlings* 
establishment in competition with the existing sward for moisture. 
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nutrients, and light. Studies on cereal companion crops have shown 
that low light availability is often the most limiting factor under 
competitive conditions. Shading normally results in a number of 
morphological and physiological conditions associated with reduced growth 
rate. No definitive data were available as it pertains to the influence 
of the growing sward and its management on the microenvironment of 
the establishing interseeded legume. 
The objectives of this study were, therefore, to assess; 
1) The influence of sward-height management on the light and soil 
moisture conditions in the microenvironment of the interseeded legume 
during the seeding year, and, 
2) The influence of sward-height management during the seeding 
year and subsequent years on the composition and productivity of inter­
seeded Poa- and Bromus-dominated swards, as compared to unimproved and 
nitrogen-fertilized pasture swards. 
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CHAPTER II. LITERATURE REVIEW 
Existing Pasture Conditions in the Humid-Temperate 
Region of the United States 
The low productivity and early, heavy overgrazing of permanent 
pastures dominated by Kentucky bluegrass (Poa pratensis L.) are frequent 
topics of discussion among ruminant livestock producers and forage 
researchers in the humid-temperate region of the United States. These 
topics are as timely now as they were in the 1920's (29). Much of the 
pastureland in this region has been improved at one time or another but, 
because of poor management and the dynamic nature of plant-climate-
animal ecosystem, regression to a lower level of productivity often 
results. 
According to the 1974 Census of Agriculture (77), there are 
approximately 26.58 million hectares (ha) of pastureland in the combined 
northeast and northcentral states. About 58% (15.53 million ha) of this 
pastureland is either cropland or improved open permanent pasture and can 
be considered as having relatively high productivity. About 19% (5.06 
million ha) woodland pasture and 23% (6.00 million ha) unimproved open 
permanent pasture comprise the remaining pasture area, both of these 
latter classes being of relatively low productivity. Baylor (3) 
estimates that about one-third of the total pastureland in the combined 
northeast and northcentral regions needs reseeding. If an 11 state area 
comprising the northcentral region of the United States is considered, 
about 59% (13.23 million ha) of the total 22.44 million ha is considered 
cropland and improved open permanent pasture, 18% (4,13 million ha) 
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woodland pasture, and 23% (5.10 million ha) unimproved open permanent 
pasture. The 1974 Census figures show a total of 2.59 million ha of 
pastureland in Iowa. About 53% of the total (1.38 million ha) is 
considered cropland pasture, 14% (0.36 million ha) woodland pasture, 
22% (0.57 million ha) improved open permanent pasture, and 11% (0.28 
million ha) unimproved open permanent pasture. The relative proportions 
of the various categories of pasture in Iowa are similar to those of 
the northcentral and humid-temperate region as a whole; however, the 
slightly larger proportion of cropland pasture and reduced proportion 
of woodland pasture should not be unexpected. 
A recent estimate has been made of the potential for pasture 
improvement in Iowa (W. F. Wedin and F. W, Schaller, Dept. of Agronomy, 
ISU, personal communication). Their 1979 estimate shows the area in 
cropland pasture to be down from the 1974 census estimate to approximately 
1.16 million ha. Their estimate of approximately 1.24 million ha, of 
open, unimproved pasture probably includes both of the open pasture 
categories in the Census report. It was estimated that about 75% of the 
open, unimproved pasture in Iowa could be "profitably renovated" and that 
about 33% of the cropland pasture could be subject to profitable 
improvement. Based on these estimates, nearly 1 million ha of pastures-
land in Iowa could be profitably improved. 
Several methods of pasture Improvement are available to forage 
producers and each has its merits and limitations. The magnitude of 
the difference between the present sward composition and condition 
and that of the desired sward Is the basis for the evaluation of 
alternatives and the selection of a specific Improvement method for 
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a particular site. These alternative methods can be grouped into 
three general categories: improving the existing sward, adding an 
improved or more productive grass or legume species to the existing 
sward, or completely eradicating the old vegetation and establishing 
the desired forage species. 
Improving the Existing Pasture Sward 
Improving the existing pasture sward is perhaps the easiest 
and lowest cost way of maintaining ground cover and improving animal 
performance. Among the basic steps of improving the existing sward 
are brush and weed control, correction of soil pH, maintaining or 
correcting phosphorus and potassium fertility, and utilizing some 
form of rotational grazing. Triplett et al. (76) characterize grass­
land as being composed of a community of plants existing in equilibrium 
with their environment and contend that management factors such as 
grazing pressure, clipping, and fertilization can all influence the 
composition of the sward but that shifts in composition as a result of 
management are often slow. 
While improvement in pasture productivity through basic manage­
ment is slow, the addition of exogenous sources of nitrogen can have a 
relatively large and rapid impact on the equilibrium of the grassland 
ecosystem. Long-term pasture studies in Iowa have shown that the 
increased sward growth stimulated by modest rates of inorganic nitrogen 
translated into a two-fold increase in both the number of days of grazing 
available and animal output per unit area of land (86, 89). Similar 
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studies in Virginia (6), in an attempt to characterize the response 
to nitrogen, showed that with either high or low rates of nitrogen on 
cool-season grasses the nutritive quality of the grass was not usually 
altered. Thus, the performance per animal was approximately equal 
to that of animals grazing unfertilized grass. The authors and others 
(18) stated that although crude protein increased in the herbage, the 
corresponding decrease in total non-structural carbohydrates tended 
to offset each other in influencing digestibility. The Virginia study 
concluded that the increased animal gain per unit area resulted from 
increased growth and availability of grass than from an increase in 
the digestibility of the herbage. 
Because of the dynamic nature of the grassland ecosystem, the 
increase in grass growth resulting from nitrogen fertilization usually 
depresses any leguminous species in the sward (66). This reduction 
or loss of the legume from the pasture ecosystem may in turn have a 
greater impact on the long-term productivity and nutritional quality 
of the sward. The benefit of having a legume in the sward has been 
demonstrated and reviewed by numerous authors (3, 29, 81, 89, 90). 
Bluegrass pastures in southern Iowa which contain at least half 
birdsfoot trefoil have been shown to produce slightly more herbage 
than bluegrass pastures fertilized with up to 134 kg/ha of nitrogen 
and nearly three times more than an unimproved bluegrass pasture (89). 
The added production likely comes from the legume herbage and the 
additional grass herbage stimulated by fixed atmospheric nitrogen 
contributed by the legume. Animal grazing trials, conducted on 
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bluegrass-birdsfoot trefoil pastures and numerous other types of grass-
legume mixtures in various parts of the humid-temperate region of the 
United States, generally show three-fold increases in carrying capacity 
and livestock productivity per unit area as compared to unimproved 
bluegrass pasture. Also, these pastures have significantly greater 
productivity per unit area than for nitrogen-fertilized grass pastures 
(3, 81, 85, 89). 
A number of explanations have been proposed for the improved 
animal performance on legume-grass pastures. Upon close examination, 
the various explanations advanced may all be considered as the inter­
action of the growth patterns of the legume and grass components with 
their respective digestibilities over the grazing season. The greatest 
herbage production in an unimproved bluegrass pasture comes in the 
cool spring months followed by very low productivity during the hot 
summer months, with only a modest level of productivity in the cool 
autumn months. Split applications of nitrogen stimulate an even 
greater production in the spring with only minimal Increases in summer 
and autumn production. Thus, much of the increase in the number of 
animal grazing days associated with applied nitrogen comes in a season 
when there is already a surplus of herbage (85). Reid et al. (.49) 
have shown that the dry matter digestibility of bluegrass pasture 
herbage is high in the spring (73%), but is much lower in mid-summer 
and early autumn (54-58%). They attributed the low digestibility 
of the regrowth forage to a physiological response by the plants to 
high temperatures resulting in an approximate 17% decrease in 
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digestibility of the cellulose fraction and an approximate 13% decrease 
in digestibility of the protein fraction. Nitrogen-fertilized grass 
may be higher in protein, but is still probably deficient in digestible 
energy for efficient utilization of the available plant nitrogen, 
particularly during the summer months (6, 85). The legume component in 
a grass-legume mixture generally provides a more uniform distribution 
of herbage productivity over the grazing season (29, 88, 89) and main­
tains a more uniform level of digestibility over the grazing season 
(0. Parra Coa and W. F. Wedln in a personal communication). Thus, the 
legume component in a grass-legume sward supplies a highly digestible 
and palatable source of herbage during a portion of the grazing season 
in which the grass component or a grass sward alone would not be meeting 
the nutritional needs of the grazing animals for sustained gain or milk 
production. 
The forage-livestock producer, when evaluating pasture improvement 
alternatives, must assess the present conditions and composition of 
the pasture. Many producers are satisfied with unimproved grass 
pastures. Or, they may choose to Improve their grass pasture 
productivity with moderate levels of nitrogen application. With both 
these alternatives, the producer may be willing to accept low animal 
performance during a portion of the grazing season or to provide 
supplementary forage or grain during the periods of low pasture 
productivity. As the economics of livestock production become more 
Important ; however, more producers are interested in maximizing 
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animal gain and productivity from their pastures. This goal may best 
be achieved by introducing productive legumes and grasses or both. 
Complete-Tillage Pasture Renovation 
Pasture renovation methods differ according to whether a complete 
or partial replacement of the existing vegetation is Intended (2). 
Conventional renovation generally refers to a partial destruction 
of the existing sward by mechanical tillage or chemical eradication 
plus liming, fertilization, and seeding as required to establish or 
reestablish desirable forage without an intervening crop (3, 20, 76). 
Sprague (64) has given an extensive review of much of the early 
pasture renovation research. In general, the tillage methods employed 
in complete mechanical vegetation eradication are dependent on the 
topography of the site. Relatively.level land is often moldboard 
plowed, disked, harrowed, etc., and then seeded. Multiple diskings done 
over a two-week to two-month period, is often employed on sloping land 
to kill the existing sward and at the same time maintain the dead sod 
as a surface mulch for erosion control. Ten to twenty diskings are 
often required for adequate sod suppression. If successful, renovation 
with an Improved grass-legume mixture can be expected to produce a 
two- to six-fold Improvement in pasture productivity C64). If complete 
sod suppression Is not achieved, the pasture can revert back to its 
original botanical composition within one to three years (64). Seedbed 
preparation via mechanical means for pasture renovation proves to be 
expensive, time consuming, and often produces a serious potential for 
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erosion (3, 64). Alternative renovation methods were sought, particularly 
where soils were subject to wind and water erosion, where timing 
of tillage operations was difficult, and where the requirements of energy 
and labor were too high (2, 64). 
A number of pasture renovation alternatives were developed with 
the advent of herbicides. The use of herbicides allowed a much more 
flexible approach to pasture composition problems (5). Dalapon plus 
three diskings or less proved to be equivalent to 20 diskings in 
effectiveness of sod suppression and in addition left a firmer, moister 
seedbed which was better suited for subsequent forage seeding (64), 
Dalapon and paraquat have also been used successfully in New Zealand 
and Kentucky for grass suppression prior to the oversowing or frost 
seeding of improved legumes and grasses (12, 15, 20, 70). 
The use of herbicides proved to be quite useful in reducing the 
labor and tillage requirements for the renovation of level land, but 
the renovation of more hilly land, where most of the unimproved 
pastureland exists, remained a problem particularly from the standpoint 
of soil erosion. There was a need for renovation techniques which 
were specifically designed for hilly lands and for a machine which 
would deliver the seed at a precise depth and provide good seed to soil 
contact with a minimum of sod disturbance (44), 
Minimum Tillage Pasture Renovation or Interseeding 
Interseeding, sod seeding, and no-till pasture renovation are 
all terms used for a one-pass pasture renovation method in which seed 
is placed in contact with the soil with only a minimal disturbance 
of the sod cover. The interseeding method allows a 50 to 75% reduction 
in labor and energy use over conventional renovation methods (32), 
preserves a sod of growing forage for reliable erosion protection on 
sloping lands, and permits more grazing during the seeding year than 
with conventional renovation (2, 3, 13, 33). 
A number of different research groups took an early initiative 
in the evolution of the interseeding concept and sought to develop 
a machine which could successfully seed small-seeded forage legumes 
and grasses into an undisturbed sod. Commercially available grain 
drills and grassland drills did not prove satisfactory in early Ohio 
sod seeding studies (82). These studies showed that competition from 
the grass sod was a major problem. A series of Maryland (17) and South 
Dakota (41) studies employed various combinations of disks and "wings" 
to lay back the sod and seed in the bare strips. Researchers in 
New Zealand (53), Kentucky (62, 63, 71), and Iowa (13, 27) used fluted 
disks, power-driven, saw-like blades, and a modified rotovator, 
respectively, to till soil bands of various widths. These methods 
were used in some cases as a means of reducing grass competition along 
the seeded rows within the tilled bands. Tilled bands as narrow as 
4- and up to 15-cm wide, were generally found to be necessary for 
adequate grass suppression (17, 27, 41, 53). The wider-tilled strips 
were needed in vigorous swards and for seasons in which grass growth 
is normally vigorous. Precision placement of seed and press wheels to 
ensure good seed to soil contact were found to be just as important in 
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interseeding as in conventional forage seedings (13, 16, 46, 53, 69, 
71, 75, 82). Taylor et al. (71) stated that precision placement of seed 
below the soil surface was the most consistent single factor con­
tributing to successful interseedings in Kentucky. A number of 
studies also showed a benefit from the band placement of fertilizer, 
particularly phosphorus, near the seeded row (17, 46, 82). 
The availability of paraquat, a contact herbicide, and glyphosate, 
a translocated herbicide, for grass sward suppression led to additional 
interseeding research. The various successful and previously unsuccess­
ful machines, species, and interseeding practices were reevaluated 
over a wide range of environments and sward types to determine the role 
of these newly available herbicides in the interseeding method. With 
the use of paraquat, strip tillage could be reduced to 2 cm or less 
(27, 71) and a number of no-till machines such as grassland drills', the 
Midland 'Zip' seeder, and even no-till corn planters became more 
effective as pasture interseeding machines (32, 46, 82). It was soon 
discovered that grass suppression with herbicides was generally only 
necessary in a narrow band over the seed row. Two-thirds to as little 
as one-fourth suppression was found to be satisfactory (5, 65, 70, 82); 
however, vigorous sods usually required more complete suppression and 
thin sods often did not require any herbicide for suppression (5), 
Complete sod suppression may, however, be required for the successful 
establishment of grasses via interseeding (82). Just as the herbicide 
suppresses grass competition for enhancing legume establishment, 
increased weed seed germination and weed competition is often associated 
with the use of paraquat and glyphosate (12, 82, 83, 90), 
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Several states in the northeast and northcentral regions of the 
United States have compiled experiment station research, extension 
demonstrations, and producer experience into extension service bulletins 
which outline the steps necessary for successful interseeding in their 
respective states (33, 40, 78, 79). Some of these steps deal with the 
necessary preparation for the actual interseeding and should be con­
sidered several months or years prior to seeding. 
Interseedings are usually more successful in Kentucky bluegrass 
sods of poor productivity. Smooth bromegrass and tall fescue swards 
may prove to be vigorous competitors unless managed carefully (33). 
Alfalfa and red clover (Trifolium pratense L.) are the easiest to 
establish, are quite productive in pastures, require a well-^drained 
soil, and are best suited for rotational grazing (40). Birdsfoot trefoil 
is slower to establish than alfalfa or red clover and may require 2 to 
3 years to reach maximum production, but once established tends to be 
more persistent in the sward (82). Trefoil will grow in more poorly 
drained soil and under lower pH conditions than alfalfa or red clover 
and can tolerate a more continuous type of grazing C40). 
The steps of soil testing and corrective fertilization and liming 
should best be accomplished a year or two prior to the actual inter­
seeding (33). Weed and brush control is also a step which may require 
several years to accomplish,particularly if there is a serious perennial 
weed problem present on the proposed interseeding site (33), Close 
grazing or clipping prior to interseeding is also recommended to weaken 
the grass sod (33, 40, 46). This may need to be accomplished the 
previous autumn when early spring interseedings are to be made. 
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After reviewing several long-term interseeding studies (71, 82), it 
appears that the factor of seeding date is a variable quite specific to 
the location of the seeding and the factor which capitalizes on the 
optimum combination of temperature and moisture conditions commonly 
encountered in that locality. Spring interseedings are often the most 
successful (40). Spring rains provide more predictable soil moisture 
availability than is present at the time of late summer, or autumn inter­
seedings. The time of seeding in the spring should be governed, by the 
growth of the grass sod and the method of grass suppression. If a grass 
suppression herbicide is to be applied, the seeding should be delayed 
until there is sufficient leaf area for good herbicide control (33). If 
grass competition is to be controlled by grazing then seedings should 
be made as early in the spring as possible before grass growth commences. 
Paraquat or glyphosate can be applied anytime during a period from 
several days prior to seeding to a few days following seeding (33). Some 
interseeding machines are fitted with herbicide application equipment 
and allow the herbicide application and seeding to be made at the same 
time. Paraquat is usually applied at rates of 0.22 to 0.33 kg/ha of 
active ingredient and will suppress grass growth for 3 to 4 weeks (33, 
40, 46), the higher rates often needed for the more competitive sod-form­
ing grasses such as smooth bromegrass (Bromus inermis L.) CSB) and tall 
fescue (Festuca arundinacea Schreb.) (82). Glyphosate does not have 
label clearance for pasture Interseeding and thus has been used on a 
limited experimental basis (90). Paraquat (.5) and glyphosate (R, W. 
Van Keuren, Ohio Agr. Res. and Dev. Ctr., personal communication) have 
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both been reported to have adverse effects on seed germination and 
emergence of the interseeded forage species; however, no other reference 
has been found concerning adverse herbicide effects. 
Seeding rate recommendations range from higher rates than 
recommended for conventional renovation seedings (79) to slightly 
reduced seeding rates (33). The effectiveness of a reduced seeding 
rate is highly dependent on proper seed placement and seed to soil 
contact. The use of high quality or certified seed, inoculation just 
prior to seeding (40),and careful calibration of the seeding equipment 
all should be strongly emphasized. 
The final two steps normally included in the "how-to's" of inter-
seeding deal with the management of the interseeded sward during the 
seeding year and in subsequent years of production. Recommendations 
for management are often not well-defined and are left to the discretion 
and experience of the producer. Management considerations concerning 
established pastures and hay meadows are fairly well-documented and 
should be similar for swards established either by full-tillage 
renovation or by interseeding. 
Maintaining the legume component in the sward through the main­
tenance of soil fertility, weed control, and proper grazing management 
should be the primary objective governing management decisions for 
established swards (33). Soil testing and the maintenance of soil pH, 
phosphorus, and potassium levels should be an annual or biennial 
practice (40, 78). The proper fertility rates and soil levels will vary 
slightly according to the sward type and the state in which the 
recommendations are made. 
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Grazing or defoliation management should be dictated by the 
physiological condition of the legume plant in the sward. The inter­
actions of leaf area, stage of maturity, and carbohydrate reserves 
(accumulates) in the roots and crown seem to be of major Importance in the 
management of established swards (30, 31, 43, 44, 45, 60, 61). Based on 
physiological response studies, several grazing management "principles" 
which apply to all legumes have been advanced: 1) Do not graze legumes 
or legume-grass pastures too early in the spring, but allow a buildup 
of leaf area and carbohydrates (33, 59); 2) Do not graze during a 4-
to 5-week period in September and October which promotes carbohydrate 
reserve (accumulate) build up in the roots and crowns prior to winter 
dormancy (33). For some species, specific "rules-of-thumb" are also 
based on physiological responses: 1) Alfalfa and red clover can be 
grazed close but not frequently due to regrowth dependence on root and 
crown carbohydrate (40, 59, 78); 2) Birdsfoot trefoil should not be 
grazed too closely, leaving 10 to 12 cm of stubble, to ensure enough 
leaf area and axillary bud development for regrowth (43). 
A number of studies with birdsfoot trefoil (73, 87) show that 
stand longevity is aided by allowing the plants to produce and shatter 
seed every few years. It was observed (72, 73) that birdsfoot trefoil 
behaves as a biennial or a short-lived perennial and that under 
natural reseeding conditions many new plants established early each 
spring and throughout the summer. Seed counts revealed that in the 
2 
upper 5 cm of soil there were 500 to 2000 viable seeds/m , enough 
2 
for a full seeding rate (500 seeds/m ) or more. 
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Controlled rotational grazing of an established interseeding is 
an essential of a good management program for the established pasture. 
Without management, the interseeded legume may be lost, and with it 
foregone labor and other costs of the early steps of interseeding. 
The recommendations for management of the interseeded sward 
during the year of establishment is probably the least documented 
step in the interseeding method. Extension bulletins and other 
publications prepared for the producer have only very general sugges­
tions for post-interseeding sward management. Ohio (46) recommended 
infrequent light grazing or mowing to reduce competition to the 
seedlings. Michigan (40) recommended grazing first when legume seedlings 
are 7.5 to 15 cm tall, then grazing rotationally allowing 5- to 6-week 
intervals between grazings. They suggested clipping weeds when necessary, 
Kentucky (78) recommended that the grass sward be clipped or grazed very 
closely to control grass competition and that grazing animals be removed 
when they first begin grazing the interseeded legumes. Iowa (33) 
recommended a light periodic grazing, to avoid close grazing of the 
legume, and clipping as necessary to control weeds. All of the 
extension bulletins; however, emphasized that the producer must comply 
with the grazing restrictions associated with any herbicide used for 
grass suppression. 
Very few of the research articles pertaining to the development 
of interseeding methods mention post-interseeding sward management 
of their studies. South Dakota (41) and New Zealand (14) research 
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indicated that undergrazing is more harmful than overgrazing during 
the establishment of legumes in dense swards, but that interseeded 
grass species may benefit from deferred grazing (41). The only report 
of a specific sward management height was that of Clark (13) who 
clipped the sward to 7.6 cm several times during the seeding year. 
In summarizing this limited review of pasture improvement alterna­
tives, it is apparent that the selection of the most appropriate 
improvement method for a specific site will require careful considera­
tion. It is also likely that the more difficult environments will 
require a greater knowledge of the ecological and agronomic principles 
involved and more skill in their adaptation. 
Competition and Factors Influencing the Development of 
Interseeded Forage Seedlings 
Fredrick Clements, an early plant ecologist, is credited for his 
description of the principles of plant competition (19). In essence, 
two plants do not compete regardless of proximity, as long as the 
factors of growth are in excess of the needs of both; however, competi­
tion begins when the immediate supply of a single necessary factor 
falls below the combined demands of the two plants. Donald (19) and 
Risser (52) authored excellent reviews of plant competition in general 
and, more specifically, competition within grassland swards. 
Generally, the factors for which competition may occur among plants 
are water, nutrients, light, oxygen, carbon dioxide, pollinating 
insects (52), and space (19). Selected for discussion here from the 
many factors are water, nutrients, and light. 
20 
Water is the factor of greatest importance in forage stand 
establishment, according to Jung (34). He further states that because 
of poor control, soil moisture is taken for granted or ignored in most 
establishment studies. Strand and Fribourg (68) indicated that the 
seeding date reflects the average seasonal precipitation and temperature 
patterns of a given location and that a careful selection of the seeding 
date is probably the best control factor for soil moisture available 
to the producer or researcher. Other management variables may also be 
important in partially controlling moisture conditions in the inter-
seeded sward. 
The use of herbicides to kill or suppress the grass sward prior 
to interseeding appears to have a beneficial effect on soil and plant 
moisture relationships. A dead or herbicide-dormant vegetative cover 
acts as a mulch, providing improved soil moisture retention and 
sheltering the soil from drying winds (12, 34). Evans et al. (21) 
used an ^  situ gypsum block technique to monitor soil moisture under 
interseeded tfangeland in California and found a slightly higher soil 
moisture availability under paraquat-suppressed swards. 
There appear to be conflicting theories concerning the effect 
of a taller overstory canopy on évapotranspiration of understory plants. 
Some feel that the presence of a taller sward either living Cl) or dead 
(12), will result in an impeded air movement, a higher relative 
humidity, and lower évapotranspiration losses by the understory plants. 
The opposing theory (51) states that standing, dead vegetation cannot 
dissipate heat as rapidly as living tissue, resulting in a heat inversion 
21 
near the ground. This results in an effective lower relative humidity 
and potentially higher évapotranspiration loss by the understory plants. 
It can be concluded that the water relationships of the establishing 
seedlings in interseedings is a critical factor indeed and therefore, 
warrants a detailed investigation. 
The research dealing with competition within interseeded swards 
for nutrients has thus far been limited to the application of small 
amounts of nitrogen to stimulate early growth of seeded legumes. 
If available soil nitrogen is low, early seedling vigor and the sub­
sequent legume stand can be enhanced by application of up to 60 kg/ha 
of nitrogen during the seeding year (90). In conventional seedings, 
nodulation of alfalfa and birdsfoot trefoil may be stimulated with up 
to 25 kg/ha of nitrogen (36, 37). Both studies reported thaf the grass 
sward and associated weeds became too competitive with higher nitrogen 
application rates. 
Light availability to developing seedlings and the adverse 
physiological effects of shading may be of even greater importance than 
soil moisture deficits for the development of most interseeded plants. 
Much of the data relating light availability and forage seedling 
establishment results from studies of seedings made in a prepared 
seedbed with variables such as chemical weed control or the presence 
or absence of a companion crop (8, 10, 24), 
A cereal companion crop such as oats ÇAvena sativa L.) is often 
seeded with a new forage seeding for its beneficial effects in erosion 
and weed control, and as a source of forage or grain and straw. 
The canopies of the cereal and the understory forage are such that 
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the understory forage will be the suppressed component (19). When 
forage crops are seeded with cereal companion crops, it is often 
expected that the resulting forage stand will be inferior to that 
obtained from a clear-seeding (a seeding made without a companion crop) 
but that the stand will be satisfactory for pasture or machine-harvested 
forage production in later years (56, 80). 
The producer has several options which may minimize the detrimental 
effect of the companion crop. The companion crop can be seeded at a 
lower seeding rate. The crop can be fertilized sparingly with nitrogen, 
which reduces the density and vigor of the resulting cereal canopy. 
The companion crop can be removed as forage at an immature stage of 
growth either by grazing or mechanical harvesting (24, 80). Early 
removal of the companion crop or lighter seeding rates often results 
in accelerated weed growth. This in turn may prove to be a greater 
competition for the forage seedlings than would the companion crop 
left for a longer period (8, 9, 24). 
Competition for light is not one of competition between species 
nor between plants, but between Individual leaves. The most success­
ful plant is not necessarily the plant with the greatest lea,f area, 
but rather the plant with its foliage in an advantageous position 
relative to its competitors for interception of available light (19), 
The cereal companion crop, weeds, or the grass sward suppress the 
understory forage seedlings by being taller and in a more competitive 
position (19). 
23 
The various physiological and anatomical characteristics exhibited 
by plants developing under shaded conditions help to explain their 
reduced growth rates. The understory plants often have a lower photo-
synthetic rate and exhibit elongated stems and thinner leaves with fewer 
and larger chloroplasts (7, 74). Boardman (7) stated that the reduced 
photosynthetic rate is due to lower concentrations of ribulose 
diphosphate (RuDP) carboxylase and electron-transport macromolecules. 
He theorized that too much chemical energy is required to support 
unused macromolecules and that the physiological and anatomical 
adaptations to reduced light levels appear to be a matter of the 
economical use of available light energy. Apparently, the shade-grown 
plant utilizes a greater portion of its chemical energy in the synthesis 
and maintenance of leaf area than in other growth processes C7). 
A number of forage establishment studies seem to support Boardman's 
theory. The root growth rate of shaded legume seedlings if often 
slower than that of non-shaded seedlings (11, 38, 47, 50, 84), A 
reduced root volume would aggravate interplant competition for soil 
nutrients and water, thus placing the establishing seedling at a greater 
competitive disadvantage. The root growth rate begins to increase 
at around 45 to 100 days of age, however (11, 25, 38, 50), Perhaps a 
critical minimum leaf area or net photosynthesis rate is reached later 
in the season with more of the photosynthate carbohydrates bein,g 
partitioned to root development. 
Other shade-related physiological effects reported are lower 
respiration rates (74) and premature leaf senescence in cases of 
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severe shading (74). Reduced nodulation (47) is also shade-related 
and presumably results from sub-optimal levels of photosynthate sugars 
from the tops. 
Light may be the least-studied factor influencing seedling 
development. Such studies are limited because light is difficult to 
measure, define, and reproduce (4, 7). Black (4) stated that the 
accurate measurement of light conditions in a pasture association 
remains one of the desiderata of crop ecology. 
In recent years, radiation measurement technology has developed 
such that the quanta of photons in the photosynthetically active 
radiation (PAR) wavelengths can be measured. In these measurement 
systems, a small quantum sensor makes instantaneous measurements 
of the quanta of photons in the 400 to 700 nanometers wavelength range. 
Only a small fraction of the scattered light and the random, "sunflecks" 
that penetrate into the lower canopy are considered photosynthetically 
active (7). The remainder of the light has been altered by leaf inter­
ception and is enriched in the green wavelengths or is outside the PAS, 
spectrum (7). A quantum sensor system can measure the PAR of un­
obstructed incident solar radiation precisely; however, an instantaneous 
measurement of PAR within a canopy may not represent the average light 
conditions present in the sward over the course of a day. Much of 
the variation in PAR reaching the lower canopy would be due to the 
changes in sunfleck PAR as affected by wind velocity, sun angle, and 
cloudiness (1). Means of several instantaneous measurements have been 
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reported as the light conditions existing under cereal companion crops 
(8, 24). A more sophisticated and costly system involves the use of 
multiple sensors and an integrating recorder which can compute inte­
grated PAR values over periods of minutes, hours, or days (21). 
A less expensive method for estimating the light conditions under 
plant canopies was reported by Friend (23). In this method, paper 
impregnated with various photosensitive diazo dyes is cut and stapled 
into "booklets" which, when exposed to light, are bleached by photons 
of light in the near ultraviolet wavelengths (390 to 400 nanometers). 
The number of pages bleached is proportional to the exposure, making 
this method well-suited for estimating accumulated or integrated light 
over several hours or over a day. Wavelengths detected are at the 
lower end of the PAR spectrum and are assumed to be a reasonable estimate 
of PAR, at least in the blues and violets (23, 54, 57, 58). Some errors 
may be associated with the method « The specific type of diazo dye and 
the speed of bleaching may cause difficulty in determining the number 
of bleached "pages", particularly in the estimate of a partial page 
value for the last bleached page (22). Also, the diazo method may be 
overestimating the actual blues and violets being detected by the 
booklet meters which would make this method conservative in its measure 
of the degree of shading (35). The low cost of materials for the diazo 
method enables the researcher to make a larger number of integrated 
measurements in more locations within the canopy than may be economically 
feasible with electronic quantum sensors and recorders, 
A few studies have attempted to characterize the light conditions 
around the developing forage seedling under various canopy types. 
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Under cereal companion crop canopies, shading increases to a maximum 
at the time of heading, then decreases as the grain crop matures (24). 
Light levels measured under canopies are often reported as a percentage 
of the incident light availability above the canopy. Light availability 
under companion crops have been reported to be as low as 19% of incident 
under oats (8); 8.5 to 14% under oats (10); and 11, 15 and 23% under 
barley (Hordeum vulgare L.), oats, and wheat (Tritlcum aestivum L.), 
respectively (24). Under thin companion crop canopies with heavy weed 
growth or under the heavy weed growth of a clear-seeding, light can be 
reduced to 2% or less of incident (9, 24). Vigorous ryegrass swards 
were found to transmit only about 4% of full sunlight to the associated 
clover seedlings (67). 
In controlled light studies, Rhykerd et al. (50) reported that 
positive growth rates for red clover, alfalfa, and birdsfoot trefoil 
occurred at greater than 2, 4 and 8% of "full sunlight levels", • 
respectively, and that large increases in growth rates did not occur 
until at least 14% of normal sunlight conditions were present. 
Similar studies (26) showed that the growth rates of red clover and 
alfalfa increased rapidly at greater than 8% of full sunlight, but 
that birdsfoot trefoil required light levels of 20% of full sun or 
more for acceptable growth rates. 
Only one study was found which attempted to characterize the 
light conditions under various canopy-height managements, that of 
Genest and Steppler (24). In their study, alfalfa, birdsfoot trefoil, 
smooth bromegrass, and timothy (Phleum pratense L.) were seeded under 
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barley, oats, or wheat companion crops or no companion crop and were 
managed at either mature height or clipped as a simulated grazing. 
The pasture management clipping height was not stated, though stands 
were clipped two to three times at the boot or heading stage. Light 
availability levels around the forage seedlings were generally 50% 
or more and often 90% of incident light when managed as a simulated 
pasture. This increased light availability was reflected in signifi­
cantly greater yields of alfalfa, birdsfoot trefoil, and timothy during 
the year following seeding. The apparent negative response of bromegrass 
to the clipping management lends support to the South Dakota (41) 
management recommendation of deferred clipping of establishing grasses. 
Prichett and Nelson (47) speculated that the changes in light and 
temperature normally occurring after close clipping of a full canopy 
may be detrimental to establishing forage plants, particularly those 
with a depressed root volume and elongated stems. 
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CHAPTER III. INFLUENCE OF SWARD MANAGEMENT ON LEGUME 
ESTABLISHMENT, BOTANICAL COMPOSITION AND YIELD 
OF INTERSEEDED POA- AND BROMUS-DOMINATED 
PASTURES 
Abstract 
Competition within the sward for light and soil moisture may 
adversely affect the establishment of interseeded legumes in 
established sods. Two field studies were conducted: a) to assess 
the influence of sod suppression at seeding and b) to assess the 
influence of the sward height management after interseeding on the soil 
moisture and light environment of establishing interseeded legumes. 
Alfalfa (Medicago satlva L., 'Spredor') and birdsfoot trefoil (Lotus 
corniculatus L., 'Carroll') were interseeded into a Poa-dominated 
pasture using paraquat (l,l'-dimethyl-4,4'bipyridinum) or glyphosate 
(N-(phosphonomethyl) glycine). Birdsfoot trefoil was interseeded into 
a Bromus-dominated pasture using paraquat. Swards were managed at an 
uncut, 15- or 7.5-cm height during the seeding year and at a 4- or 
7.5-cm height during the two succeeding production years. Light 
penetration, soil moisture, and stand density measurements were made 
during the seeding year with botanical composition estimates and yield 
determinations made for 3 years. 
Greater soil moisture was recorded for approximately 1 month 
following paraquat or glyphosate application. The 7.5-cm management 
allowed more light penetration in both the Poa- and Bromus-dominated 
29 
swards. The greater light availability for the Bromus-dominated sward 
managed at the 7.5-cm height and effective sod suppression of the Poa-
dominated sward by broadcast paraquat or banded glyphosate resulted in 
greater legume stand densities, subsequent dry matter yields, and legume 
percentage in the respective swards. These data indicate that close 
defoliation at 2- to 3-week intervals may be necessary to maintain 
light availability to the establishing interseeded species in rapidly 
growing swards. Defoliation at a 4-cm height during the two production 
years did not adversely influence the percentage of birdsfoot trefoil 
in the established interseeded sward. 
Introduction 
Since a number of studies have shown that it is feasible to 
temporarily suppress the existing vegetation of unproductive grassland 
with herbicides and to establish legumes in the sward with reduced ' 
tillage, the concept of sod seeding of interseeding has been adapted 
for pasture renovation over a wide range of situations (16, 48, 53, 
71, 82, 90). Interseeding is a promising pasture renovation method 
for situations where topographic, climatic, or edaphic conditions 
do not allow the use of conventional, complete-tillage 
renovation. 
Research data on development and establishment of perennial 
forage legumes under field conditions are largely limited to legume 
seedings either with a cereal companion crop or in clear 
seedings. Competition from either the companion crop or weeds or 
both for nutrients, moisture, and light often results in weakened 
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legume seedlings and reduced legume stands (8, 9, 19, 24, 28, 80). 
Similar deleterious effects could be expected for legume seedlings in 
an interseeded sward. 
A number of extension and research recommendations for successful 
interseedings express the need for close clipping or grazing following 
interseeding to reduce competition within the sward (33,40,46,53,78). 
These recommendations have apparently been extrapolated from companion-
crop establishment studies, for there are virtually no data published 
which characterize the microenvironment of the establishing seedling 
in the interseeded sward, nor are there data relating the influence 
of sward management during the seeding year on subsequent sward 
composition and yield. 
This study was initiated to assess the influence of sward-height 
management on: 1) the light and soil moisture conditions in the micro-
environment of the developing interseeded legume during the seeding 
year and 2) the subsequent composition and productivity of interseeded 
swards. 
Materials and Methods 
Similar field studies were conducted at two locations in southern 
Iowa during 1976-1978. In both studies, interseedings of legumes were 
made in permanent pastures following the recommendation given to forage 
producers in Iowa (33). Methods differed slightly between locations, 
thus are presented separately. 
Location 1; Interseeding birdsfoot trefoil in a Bromus-dominated sward 
A field study was conducted during 1976-1978 at the Iowa State 
University Foundation Farm in Poweshiek County, near Montezuma, Iowa. 
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The site was on a Clinton, silt loam soil (typic Hapludalf) with a 5 to 
8% east-facing slope. The agronomic history of the site is incomplete 
but it had been a rotationally grazed permanent pasture for at least 
5 years. Smooth bromegrass (SB) (Bromus inermis Leyss.) was the dominant, 
economic grass species with Kentucky bluegrass (KBG) (Poa pratensis L.) 
and timothy (Phleum pratense L.) being sub-dominant grasses. Dandelion 
(Taraxacum officinale Weber) and small sedges were the predominant weed 
species. The pasture had been grazed closely during March and April, 
1976. Soil samples were taken in early March, 1976. Soil pH was 6,0 
to 6.5. Agricultural grade limestone was broadcast at approximately 
4500 kg/ha in late April. 
In 1976, the experimental design was a split-plot with the pasture 
improvement methods as whole plots and a two by three factorial of 2,4-D 
and establishment-year clipping heights as sub-plots. Plots were repli­
cated three times.. Pasture improvement methods were: Birdsfoot trefoil 
(Lotus corniculatus L.) (BFT) interseeded in a) May or b) August, c) the 
existing grass sward receiving nitrogen (N) in the spring, and d) the 
unfertilized grass sward as a control. The site was fenced in late 
April. Nitrogen was applied in April of each year to the appropriate 
plots at 75 kg/ha of N as urea. Phosphorus (P) was applied to all plots 
each year, excepting the unfertilized grass control, at a rate of 
45 kg/ha of P (102 kg/ha of PgO^). Soil potassium (K) levels were high. 
The 2,4-D treatment was applied at a rate of 0.91 kg/ha 1 week 
prior to interseeding. On 14 May, 1976, 'Carroll' BFT was interseeded 
at a rate of 3.3 kg/ha of pure live seed using a Model 1500 John Deere 
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Powr-Till seeder operated parallel with the slope. Paraquat (1,1'-
dimethyl-4,4'-bipyridinium dichloride) was applied at seeding in 10-cm 
bands over the rows at a rate of 0.56 kg/ha A.I. Ortho X-77 surfactant 
was used at a rate of 5 ml/liter of spray. Birdsfoot trefoil seed was 
inoculated just prior to seeding. Establishment year clipping heights 
were set at the first harvest on 18 June, 1976 at 7,5 cm, 15 cm, or 
uncut. Sub-plots were 3 x 10 m. 
Data on stand counts, ground cover, botanical composition, dry 
matter yield, and soil moisture were recorded. Integrated light 
penetration measurements were also recorded under the establishment 
year canopy heights of the interseeded BFT swards. 
Plant counts were made four times during 1976 for the May, 1976 
interseeded BFT. The mean of eight counts of random 1-m segments 
^ 2 
of seeded row were converted to a plants/m . 
Soil moisture and integrated light penetration estimates were 
determined at approximate 2-week intervals during the 1976 growing 
season. A composite of ten, 2.5 x 5 cm soil cores were taken from each 
treatment of two or more replications, from which the soil moisture 
percentage was determined gravimetrically. 
Integrated light penetration estimates were made using the Ozalid 
paper technique (9, 23) with the plastic box modification (22). 
Individual plastic boxes (2.5 x 2.5 x 1.5 cm) were constructed from 3 mm 
clear plexiglass. The lids were hinged with silicone-rubber bathtub 
caulking. All inside surfaces were painted black excepting for a 
1.5- X 1.5-cm square on the bottom which remained clear. Ozalid paper 
booklets were placed with the yellow-dye side down and covered with 
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a piece of foam rubber, after which the lid was taped closed. Ozalid 
paper booklets were made of ten sheets of 402ZT sepiadiazo paper (Rapids 
Reproductions, Inc., P.O. Box 1087, Cedar Rapids, Iowa). An estimate 
of percentage of incident solar radiation was obtained by comparing 
the number of exposed pages to a standard curve constructed with the 
use of Roscosun N3 and Roscosun N9 neutral density acetate filter 
material (Rosco Laboratories, Inc., Port Chester, NY). On a measurement 
day, five boxes each were exposed 'clear-window side up* at ground level 
under all canopies of the interseeded BFT swards. Exposures were 
usually made on sunny days from about 0600 to 2000 CDT. 
An area 9.0 x 0.51 m was taken for dry matter yield content using 
rotary lawn mowers fitted with grass catch-baskets. Three harvests 
were made at 7.5- and 15-cm heights during the seeding year with a 
single harvest taken in mid-October for the 'uncut'' management. Three 
independent estimators, using 0.6 x 0.3 m steel quadrats, made visual 
estimates of ground cover and botanical composition on all plots prior 
to harvest in 1976. The uncut plots were included in ground cover 
estimates. All plots interseeded in August were cut to a 7.5-cm 
height on 12 August. On 20 August 1976, BPT was interseeded iti the, 
same manner as in May. Malathion was applied to ^11 plots in iqid-r 
June 1976, at 0.45 kg/ha of A.I, to control an infestation of small 
grasshoppers. 
A 0,95 kg/ha rate of A,I. 2,4-DB (3,4-dichlorophenoxy butyric a,c±dl 
was applied in late April 1977 a,nd 1978 to plots treated with 2,4?D in 
1976. Harvest heights of 7.5-cm qnd 4-«'cm were used a,s subraub-plot tvea^v^ 
ments to simulate rotational grazing or hay production management 
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practices in 1977 and 1978. Sub-sub-plots were 10 x 1.5m. Four 
harvests were taken in both 1977 and 1978. Visual estimates of 
botanical composition of ground cover were made prior to the first three 
harvests each year and visual estimates of botanical composition of 
dry matter were made prior to all harvests in 1978. 
Location 2: Interseeding alfalfa and birdsfoot trefoil in a Poa-
dominated sward 
A field study was conducted during 197,6-1978 of the Shelby-Grundy 
Research Center near Beaconsfield, Iowa. The soil was an Adair clay 
loam (Aquic Argiudoll) with a 5 to 8% north-facing slope. The site had 
been an unimproved permanent pasture for the past 30 years and had been 
rotationally grazed during that period. Kentucky bluegrass was the 
dominant economic grass with redtop (Agrostis alba L.) as a minor 
grass species. There were heavy infestations of broadleaf weeds, 
primarily golden rod ÇSolidago canadensis L.) and iron weed (Vernonia 
altissima Nutt.). The study site was fenced and soil samples were taken 
in March 1976. The sward was clipped to 5 cm in mid-April 1976 and 
clippings were removed. Soil pH was 5.9 to 6.0. The experimental site 
was top dressed in late April with approximately 6700 kg/ha of finely 
ground limestone. 
A split-plot experimental design was employed with pasture improve­
ment methods as main plots and establishment year clipping heights as 
sub-plots. Interseeded main plot treatments were a two by two by three 
factorial including: time of interseeding (May vs August), interseeded 
legume species (ALF vs BFT), and grass suppression herbicide treatment 
at interseeding (banded vs broadcast paraquat vs banded glyphosate 
35 
(N-(phosphonomethyl) glycine). Non-interseeded main plot treatments 
were included for dry matter yield and botanical composition comparisons. 
They consisted of a two by two factorial including: nitrogen level 
(no N vs 75 kg/ha of N) and broadleaf weed control (no 2,4-D vs 0.91 
kg/ha of 2,4-D). Clipping heights during the establishment year were 
7.5 vs 15 cm. Sub-plots were 3 x 1.4 m and main plots were replicated 
three times. 
In April of each year, N was applied to appropriate plots in the 
urea form. Phosphorus was applied each year at a rate of 45 kg/ha of 
P (102 kg/ha of PgO^) to all interseeded plots and to grass swards 
receiving N. Soil K levels were high to very high. All interseeded 
plots and appropriate grass sward plots were sprayed with 2,4-pD 
about 2 weeks prior to interseeding. Paraquat and glyphosate were 
applied at rates of 0.56 and 1.1 kg/ha of A.I., respectively, two days 
prior to the May interseeding. Ortho X^77 surfactant was added to both 
sprays at a rate of 5 ml/liter of spray. Herbicide bands were 10,2r«cm 
wide on 20.4 cm centers. 'Spredor* ALF and 'Carroll'" BFT were inter-^ 
seeded at rates of 15.3 and 8,3 kg/ha of pure live seed, respectively. 
Seedings were made on 15 May, 1976 using a '"Zip Seeder' (Midland 
Manufacturing). Rows were seeded in the centers of the sprayed band», 
Legume seed was inoculated just prior to seeding and sown at an 
approximate 1-cm depth. Clipping heights were begun on 29. June 1976, 
Data were obtained on stand counts, ground cover, botanical 
composition, dry matter yield, and soil moisture, Estiana,te.s. of light 
penetration through establishment year canopy heights were made in the 
May 1976 interseeded plots. Plant counts were made twice in 1976 ^ ixd, 
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are presented as the mean of counts from five, random, 1-m segments 
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of seeded row converted to plants/m . Soil moisture determinations 
and light penetration estimates were made at 2- to 3-week intervals 
during the establishment year. Soil moisture percentage was determined 
gravimetrically on composite samples of eight, 2.5 x 5.0 cm soil cores 
per plot. Light penetration estimates were made in a maimer similar 
to that used at Location 1. 
Forage from plots to be interseeded in August was cut to a 
7.5-cm height. Grass suppression treatments were applied 1 week prior 
to interseeding. Grass suppression herbicides were applied at the 
same rates as in the May, 1976 interseeding. Interseedings <an 20 
August 1976 were made in the same manner as described for the May 1976 
seeding. All plots were harvested twice during the establishment year. 
A 3.65 X 0.51-m strip was taken for dry matter yield determination 
using rotary mowers fitted with grass catch-baskets. Prior to each 
harvest, visual estimates of ground cover and botanical composition 
were made by three independent estimators. 
An application of 0.45 kg/ha of AI 2,4-DB was made in late April, 
1977 and 1978 to plots treated with 2,4-D in 1976. All plots were 
harvested in 1977 and 1978 at a 7.5-cm height to simulate a rotational 
grazing or hay production management. Plots were harvested three times 
in 1977 and four times in 1978. Visual estimates of ground cover 
and botanical composition were made prior to the first two and three 
harvests in 1977 and 1978, respectively. Additionally, visual estimates 
of the botanical composition of dry matter were made prior to all 
harvests in 1978. 
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Results and Discussion 
Satisfactory stands resulted from the May, 1976 iiiterseedings and 
were attributed to adequate soil moisture for the beginning of that 
growing season. Below normal precipitation occurred from June through 
September, 1976 at both locations. Legumes interseeded in August, 1976 
at both locations germinated in mid-September and subsequently winter­
killed. Data presented refer only to the May, 1976 interseeded swards. 
Below normal precipitation continued through July, 1977, but above 
noraal precipitation occurred during the remainder of the year. Near-
normal precipitation occurred at both locations during the 1978 growing 
season. 
Soil moisture 
Soil moisture measurements indicated that there was a temporary 
improvement in soil moisture retention for herbicide-suppressed sod. 
Soil moisture was usually higher for the paraquat- than for the 
glyphosate-suppressed swards with the highest soil moisture contents 
consistently found for the broadcast-paraquat treatment. The soil 
moisture percentage was higher for paraquat and glyphosate sprayed 
bands than for the adjoining unsprayed sod strip. This condition 
persisted for approximately 1 month following application. The soil 
moisture was significantly (P_<0.05) greater for the suppressed sods 
following the May application and continuing through the 2 July 
measurement for the Poa-dominated swards and following the August 
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application and continuing through the 8 September measurement for the 
Bromus-dominated sward. However, soil moisture was insufficient in 
August for seed germination. 
Most of the soil moisture data were recorded during a droughty 
growing season and may not reflect soil moisture conditions present 
during a year of normal precipitation distribution. The higher soil 
moisture for the herbicide-suppressed sod may be a partial explanation 
for the larger plants and superior establishment following paraquat 
suppression treatments reported in other studies (13, 70, 71, 82), 
The seasonal moisture trends and failure of the August interseedings 
of this study lend support to the conclusions of Strand and Fribourg 
(68). They stated that success of legume establishment may be explained 
better by seeding date and the interaction of precipitation and 
temperature normally occurring at a location, than in terms of 
independent environmental variables measured during the first few 
weeks following seeding. 
Light measurements 
Sward height had a strong influence on solar radiation availability 
in the lower canopy. Integrated light penetration for the 7,5-cm 
clipping height, as measured by the ozalid paper method, was 
significantly (P^O.05) greater on all measurement dates than for the 
taller canopy heights (Figs. 1 and 2). 
The Poa-dominated sward produced little or no regrowth during late 
July and August of the seeding year because of drought conditions. 
Consequently, radiation measurements were discontinued at that location 
42 
through early September. Herbage production of the interseeded legumes 
constituted most of the summer and autumn regrowth from the inter­
seeded Poa-domlnated swards. When compared with birdsfoot trefoil 
swards, alfalfa swards were more vigorous and intercepted more light 
throughout the seeding year. The greater light interception by alfalfa 
was significant (P^O.05) only during September for the 7.5-cm height 
management. 
Rapid fluctuation in light penetration resulted following close 
clipping of spring and early-summer regrowth of the Bromus-dominated 
sward (Fig. 2). Light penetration was reduced by over 50% during 
the last few weeks of the regrowth interval. Light levels measured 
under the 15-cm swards were not altered as much as were those for the 
lower defoliation height. Had light penetration measurements been made 
immediately following defoliation, greater fluctuations may have been 
observed under both the 7.5- and 15-cm managements. Light penetration 
levels reached a minimum in August as grassy weeds (foxtail - Setaria 
sp.) ingression increased. Light levels increased during autumn under 
all clipping heights, presumably from the drought conditions and 
reduced growth of the grass sward. 
In field studies using companion crops, Buxton (9) and Bula et 
al. (8) confirmed the earlier findings of Gist and Mott (26) and 
Rhykerd et al. (50) that light levels of approximately 8 and 20% 
of a full-sun day are usually required for alfalfa and birdsfoot 
trefoil seedlings, respectively, to maintain good growth rates. Under 
the conditions of the present study, light penetration consistently 
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exceeded 20% for the Poa-domlnated sward managed at either a 7.5- or 
15-cm height and for the Bromus-domlnated sward managed at a 7.5-cm 
height (Figs. 1 and 2). Light penetration values of less than 20% 
were found in August for the Bromus-dominated sward managed at a 
15-cm height and for much of the last half of the growing season 
for the uncut management (Fig. 2). 
if the 8 and 20% light levels are used as the minimum levels 
for satisfactory growth and establishment of interseeded alfalfa 
and birdsfoot trefoil, respectively, then light values recorded for 
canopy managements may be an important predictor of establishment 
success. The uncut Bromus-dominated sward and perhaps the Bromus-
dominated sward managed at a 15-cm height may not bg satisfactory fqx 
birdsfoot trefoil establishment. Little detrimental effect should be 
expected for either birdsfoot trefoil established under the Bromus-
dominated sward managed at a 7.5-cm height or for interseeded birdsfoot 
trefoil or alfalfa established under the Poa-dominated sward management 
at either 7.5 or 15 cm. 
Plant density and botanical composition 
Stand density values and botanical composition values presented in 
Tables 1 and 2 are based on plant counts made in the seeding year and 
visual estimates made in the seeding year and in the production years. 
Birdsfoot trefoil seedling mortality of 72, 63, and 50% were found 
during the establishment year for the Bromus-dominated swards managed 
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at the uncut, 15- and 7.5-cm heights, respectively. These plant 
density data indicated that seedling mortality increased significantly 
(Pj<0.05) as clipping height increased from 7.5 cm through 15 cm to that 
of the uncut management. 
Herbicide treatments had a greater influence on the establishment 
of legumes interseeded in the Poa-dominated sward than did sward-height 
management. August counts of legume plants revealed the lowest stand 
densities for the banded-paraquat treatments (Table 2). Alfalfa 
stands were significantly (PjiO.05) lower for the banded paraquat than 
for the other herbicide treatments. Greater plant densities were 
consistently found for the banded-glyphosate treatment than for the 
broadcast paraquat treatment. Legume-plant densities were comparable 
in mid-August for the Poa-dominated sward managed at 7.5 and 15 cm, 
2 2 
with 30 and 31 plants/m for birdsfoot trefoil and 80 and 77 plants/m 
for alfalfa, respectively. 
The stand densities of birdsfoot trefoil and alfalfa are comparable 
to those reported by Gittins (27), but are much lower than those 
reported by Clark (13) in earlier interseeding studies conducted in 
adjacent areas of the same Poa-dominated pasture in Iowa. Stand 
densities of birdsfoot trefoil, resulting from interseedings made in 
the Bromus-dominated sward, are only one-third of those reported by 
West (90) in a similar mixed Bromus and Poa sward. Myers (42) estimates 
that stand densities of 40 or more plants/m in the autumn of the inter­
seeding year are desired in Ohio. He reasoned that this density is 
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needed for the Interseedlng to have provided a satisfactory legume base 
for subsequent improvement in pasture productivity. Using this 
criterion as a measure of the success of the interseedings in the 
present study, the alfalfa interseedings in the Poa-domlnated sward 
and the interseeded birdsfoot trefoil established in the Bromus-
dominated sward managed at 7.5 cm can be considered as being 
satisfactory for subsequent stand development. The remainder of the 
birdsfoot trefoil interseedings can be considered as being only 
marginally successful. 
Visual estimates of ground cover during the seeding year (1976) 
and in 1977 and 1978 indicated that the legume percentage in inter­
seeded swards usually reflected the sward height management (Bromus-
dominated sward. Table 1) or herbicide treatment (Poa-dominated sward, 
Table 2) of the seeding year. Birdsfoot trefoil percentage in the 
interseeded Bromus-dominated sward (Table 1 and Fig. 4) was significantly 
(Pj<0.05) greater for the 7.5-cm height than for the 15-cm or uncut 
management during both the seeding year and the first production year. 
Legume percentages for the 15-cm managed swards increased during the 
second production year to levels more comparable to the 7.5-cm height 
management. Percentages of birdsfoot trefoil in the Bromus-dominated 
sward were not significantly affected by defoliation heights of the 
production years. Slightly lower percentages of birdsfoot trefoil 
resulted from the 4-cm clipping management in the first production year, 
21% birdsfoot trefoil as compared to 24% for the 7.5-cm management. 
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The trend was reversed in the second production year with 32 and 31% 
birdsfoot trefoil found for the 4- and 7.5-cm managements, respectively. 
Proportion of alfalfa and birdsfoot trefoil in the Poa-dominated 
swards in the seeding year and production years was influenced by 
herbicide treatments at interseeding, but these trends differ from 
the pattern of legume-stand densities. While legume-stand densities 
during the seeding year were consistently greater for the banded-
glyphosate treatment, legume percentages in the resulting swards were 
usually greater each year for the broadcast-paraquat treatments (Table 
2). The only reversal of the trend was for alfalfa percentage in the 
second production year. Visual estimates of ground cover indicated 
that legume percentage was consistently lowest in the swards established 
with banded paraquat for all years. It is likely that establishing 
legume seedlings gained in vigor during the first few weeks of growth 
in response to the more favorable soil moisture conditions present 
under the broadcast-paraquat treatment. 
Data presented in Figs. 3 and 4 indicate that legume percentage 
in the interseeded swards was still increasing in the second production 
year. This adds support to the statements often made in forage research 
and extension publications (33, 40, 46, 82) that interseeded legumes 
may require 2 to 3 years to become well-established in the sward and 
thus, the producer should not be discouraged with seemingly poor stands 
present in the seeding year. 
The percentage of smooth bromegrass in the interseeded Bromus^ 
dominated sward decreased during the 3 years of the study (Table 1). 
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Lower percentages of smooth bromegrass resulted from successively 
closer clipping heights during the seeding year, with significantly 
(P^O.05) lower percentages found for the 7.5-cm management. This 
trend usually continued through the third year. The 4- and 7.5-cm 
defoliation heights during the production years appear to account 
for the general decline in smooth bromegrass percentage. Reduction in 
smooth bromegrass percentage was attributed to defoliation management 
rather than to increased competition from the establishing legume 
because the same trend was present for the non-interseeded swards in 
another part of the study. 
The Kentucky bluegrass component of the interseeded Bromus-
dominated sward was virtually unaffected by defoliation height or 
increasing legume competition (Table 1). Sward suppression with 
paraquat or glyphosate and the increasing competition from the inter­
seeded legume had a more noticeable influence on the Kentucky bluegrass 
component of the Poa-dominated sward (Table 2) than did defoliation. 
The banded-paraquat treatment caused only a temporary suppression of 
one-half of the sod cover and resulted in the highest percentage of 
Kentucky bluegrass in the sward, whereas sustained sod suppression by 
glyphosate usually resulted in the lowest percentages. Interseeded 
alfalfa was more competitive with the Kentucky bluegrass than was 
birdsfoot trefoil, particularly during the seeding year. Kentucky 
bluegrass percentages in the first- and second-production years were 
generally inversely proportional to those of the legume component. 
48 
Germination and establishment of broadleaf and grassy weeds, 
primarily foxtail (Setaria sp.), in the interseeded Bromus-dominated 
sward during the seeding year appeared to be enhanced by paraquat 
suppression of the grass sod. Weed percentages found in the paraquat-
suppressed plots were twice those found in adjacent, non-interseeded 
check plots. Clipping height of the seeding year significantly 
(P^O.05) influenced weed percentage (Table 1). The taller heights 
provided a greater competition for the understory weeds; presumably 
competition for light. Weed percentages were low during the first 
production year but foxtail was again prevalent in the second production 
year (Table 1). Slightly more foxtail was found associated with the 
4-cm clipping management during the second production year than with 
the 7.5-cm height. Weed estimates were found to be 14% for the 4-cm 
height and 10% for the 7.5-cm height management. The 2,4-D or 2,4-DB 
treatments applied during the study had essentially no influence on 
weed percentage in the sward. 
Broadleaf weeds were the primary weed problem in the Poa-dominated 
sward. More weeds were associated with the birdsfoot trefoil inter­
seeded plots during the seeding year than with the alfalfa plots 
(Table 2), with significantly (P^O.05) greater weed percentage for the 
glyphosate treatment than for the paraquat treatments. Weed percentages 
for the interseeded swards in the seeding year were minor compared with 
nearly 40% weeds found in adjacent unimproved swards. By the second 
production year, the combination of 2,4-D or 2,4-DB treatments, close 
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and frequent defoliation, and competition from the establishing legumes 
reduced weeds to 2% or less in the interseeded plots (Table 2). 
Dry matter yields 
Dry matter yields for the interseeded Bromus-dominated sward are 
presented in Table 3. Nearly twice as much herbage was harvested during 
the seeding year from the 7.5-cm canopy management than from the 15-cm 
management. Herbage from the 'uncut' management was removed in mid-
October of the seeding year and yielded only slightly less dry matter 
than the three-harvest total at 7.5 cm. Dry matter yields in the first 
production year were similar for all seeding year managements. The 
slight yield advantage of the 15-cm management swards cannot be 
explained by the percentage of birdsfoot trefoil in the sward (Table 1), 
but could be attributed to the additional 7.5 cm of the previous years 
stubble removed with the first harvest. Dry matter yield for the 
second production year was significantly (P^0.05) influenced by. the 
height management of the seeding year. Yield differences in 
the second production year reflect the birdsfoot trefoil percentage 
in the sward (Table 1). Dry matter yields for both production years 
were significantly (P^O.05) greater when harvested at the 4-cm height 
as compared with the 7.5-cm height. Yields of 5500 and 3900 kg/ha 
for the first production year and 6800 and 5800 kg/ha for the second 
year were harvested at the 4- and 7.5-cm heights, respectively. 
Dry matter yields from the interseeded Poa-dominated swards are 
presented in Table 4. Dry matter yields of the alfalfa and 
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birdsfoot trefoil interseeded Po a-dominat ed swards were not significantly 
(P^0.05) different for the seeding year and the production years. The 
contribution of the legume component to the total yield was minimal. 
during the seeding year with the dry matter production of the grass and 
weed components accounting for the differences in total yield obtained 
(Tables 2 and 4). The differences in yield during the production 
years, particularly during the second production year, parallel the 
differences found in the legume percentage in the sward (Tables 2 
and 4). 
The increasing dry matter yields obtained from the interseeded 
Poa- and Bromus-dominated swards over the duration of the study are 
attributed both to the increasing yield contribution of the legume and 
the more normal precipitation patterns experienced in the second half 
of the study. Drought conditions during the first half of the study 
undoubtedly influenced sward regrowth and legume seedling establish­
ment and thus should be taken into consideration when using these data 
in comparison with and application to interseédings made under more 
normal precipitation and soil moisture conditions. These data were 
obtained under clipping management. Had grazing animals been used 
for sward defoliation, the results may have been different from those 
reported. 
Conclusions 
Greater soil moisture was found for approximately 1 month 
following paraquat or glyphosate application. The 7.5-cm management 
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allowed more light penetration in both the Poa- and Bromus-dominated 
swards. The greater light availability for the Bromus-dominated sward 
managed at the 7,5-cm height and greater sod suppression of the Poa-
dominated sward by broadcast paraquat or banded glyphosate resulted 
in greater legume stand densities, subsequent dry matter yields, and 
legume percentages in the respective swards. These data indicate 
that for a rapidly growing sward, close defoliation at 2- to 3-week 
intervals may be necessary to maintain light availability to the 
establishing interseeded species. Defoliation at a 4-cm height during 
the two production years did not adversely influence the percentage 
of birdsfoot trefoil in the established interseeded sward. 
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Percentage of incident radiation measured under a Poa-
dominated sward seeded with ALF and BFT and cut at two 
canopy heights during the year of establishment. Values for 
the 7.5-cm height are greater (P^O.05) than the 15-cm height 
at all measurement dates. "'"Indicates harvest dates. 
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Figure 2. Percentage of incident radiation measured under a Bromus-
dominated sward interseeded with BFT and cut at three 
canopy heights during the establishment year. *Values at 
the same date not having the same letter are different 
(P<0,0§). ^Indicates harvest dates. 
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Figure 3. Visual estimates of ALF and BFT percentages in an interseeded 
Poa-dominated sward as influenced by sward suppression herb­
icide at seeding. The B and BR designations in legend denote 
herbicide banded over the row and broadcast, respectively. 
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Figure 4. Visual estimates of BFT percentage in an interseeded Bromus-
dominated sward as influenced by sward-height management in 
the seeding year. 
Table 1. Plant densities and botanical composition estimates of BFT interseeded in a Bromus-
dominated sward as influenced by clipping height in the seeding year. Montezuma, Iowa, 
1976-1978 
Seeding 
Seeding year 
Plant Counts (1976) Ground cover estimates 
Production years 
jrcctj. 
canopy 
height 
June 
10 
July 
2 
Aug. 
10 
Oct. 
15 
(1976) (1977) (1978) 
BFT SB* KBG§ Weeds BFT SB KBG Weeds BFT SB KBG Weeds 
2 «y _ 
IT Xdil LO / 111 To 
Uncut 83a* 66a 40a 23a 3a 49a 22a 17a 15a 44a 26a 3a 25a 31a 23a 15a 
15 cm 88a 78a 50b 33b 4a 47a 23a 21ab 20a 44a 26a 3a 32ab 30a 24a 13a 
7.5 cm 91a 82a 56b 45c 6b 40b 24a 24b 32b 38b 29a 4b 38b 28a 24a 16b 
*Means in a vertical column not followed by the same letter are different (P^0.05) according 
to Duncan's multiple range test. 
"^Mean of visual estimates made by three independent estimators. 
+SB = Smooth bromegrass. 
8KBG = Kentucky bluegrass. 
Table 2. Plant density and botanical composition estimates of ALF and BFT interseeded in a Poa-
dominated sward, as influenced by herbicides applied at interseeding. Beaconsfield, 
Iowa, 1976-1978. 
Treatment 
Species Herbicide 
Seeding year 
Plant counts 
(1976) 
Ground cover estimates^ 
or 
Br 
Seeding year 
(1976) 
Production years 
(1977) (1978) 
July August 
7 2 Legume Grass Weeds Legume Grass Weeds Legume Grass Weeds 
— plants/m^— /o 
ALF Paraquat B 212a* 59a 18cd§ 52a 7a 26a 55a 2a 38a 52a la 
Paraquat BR 225a 86b 24d 50a 8a 42a 43a 2a 46a 43a Oa 
Glyphosate B 234a 90b 22cd 48a 7a 41a 49a la 49a 40a la 
BFT Paraquat B 42a 22a 3a 64b 8a 20a 58a 5a 27a 62a 2a 
Paraquat BR 63a 34a lOabc 56ab 8a 38a 46a 2a 46a 44a 2a 
Glyphosate B 68a 36a 7ab 54ab 14b 38a 40a 5a 40a 48a 2a 
*Means in a vertical column within a given species not followed by the same letter differ 
at the 5% level of probability using Duncan's multiple range test. 
= herbicide banded over each row, BR = herbicides broadcast. 
^ean of visual estimates made by three independent estimators. 
®Means of ground cover estimates in a vertical column not followed by the same letter differ 
at the 5% level of probability using Duncan's multiple range test. 
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Table 3. Dry matter yields of a BFT interseeded Bromus-dominated sward 
managed at three clipping heights during the seeding year with 
production year yields averaged over the 4-cm and 7.5-cm 
clipping heights. Montezuma, Iowa, 1976-1978 
Seeding year 
Canopy heights 
Seeding year 
Î976 
Dry matter yields 
Production years 
1977 1978 
Uncut 
15 cm 
7.5 cm 
kg/ha 
1220ab* 
720a 
1410b 
4530a 
4930a 
4720a 
5740a 
6360b 
6900c 
*Means in a column not followed by the same letter are different 
CP_<0.05) using Duncan's multiple range test. 
"•"Seeding year yields are post-interseeding production. 
Table 4. Dry matter yields of ALF and BFT interseedings in Poa-
dominated swards as affected by grass suppression herbicides 
at seeding. Boaconsfield, Iowa, 1976-1978 
Treatment Dry matter yields 
+ ± 
Species Herbicide B or BR Seeding year"^ Production years 
1976 1977 1978 
kg/ha 
ALF Paraquat B 540a* 3800a 5450a 
Paraquat BR 440a 4350a 5780a 
Glyphosate B 410a 4510a 6800a 
BFT Paraquat B 520a 3290a 4680a 
Paraquat BR 460a 3980a 5970a 
Glyphosate B 530a 3700a 5440a 
*Means in the same column not followed by the same letter are 
different (P^O.05) using Duncan's multiple range test. 
^ = herbicide banded over the row. BR = broadcast. 
^Seeding year yields are post-interseeding production. 
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CHAPTER IV. INTERSEEDING AS A METHOD OF PASTURE RENOVATION: 
SUPPORTIVE DATA AND IMPLICATIONS FOR MANAGEMENT 
Observations on the Interseeding Machines Used in This Study 
Both the John Deere Powr-Till seeder and the Midland Zip seeder 
proved satisfactory for introducing small seeded legumes into an 
existing sward; but each has undesirable features. 
Experience with the Powr-Till seeder showed that the rotating 
blades displaced approximately half of the tilled soil to the sides of 
the tilled strip. Thus, a tilled groove approximately 1-cm wide 
resulted. Loose soil usually filled approximately half of the resulting 
groove and served as a satisfactory seedbed, even though it was not 
firm. The Powr-Till seeder lacks a mechanism for ensuring precision 
seed placement below the soil surface and thus, the seed delivery tubes 
deposited seed in and slightly to the sides of the tilled groove. The 
press wheel mechanism is not rigid or heavy enough to ensure satisfactory 
seed to soil contact. The surface seed placement results in seed 
coverage or contact by natural means as a necessity. Splash erosion 
during rain is effective for seed coverage and livestock trampling 
action may be effective. A heavier, wider press wheel, as a modifica­
tion of the Powr-Till seeder, would likely result in more satisfactory 
seed coverage and seed to soil.contact. 
The Zip seeder has effective seed placement and press wheel 
mechanisms but lacks the flexibility of the Powr-Till seeder to conform 
to the irregular surface conditions often encountered in permanent 
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pastures. In this study and others (48), a portion of the seed was 
placed either too deep or on the surface when operated on an irregular 
surface. This resulted in a non-uniform establishment pattern. The 
rigid construction of the Zip seeder makes further modification unlikely. 
If adequate seed placement and coverage is achieved by either 
the Zip or Powr-Till seeder, germination-and emergence would be expected 
to proceed as in a conventionally tilled seedbed. Figure 5 shows the 
emergence of birdsfoot trefoil from a Powr-Till seeder groove in the 
Bromus-dominated sward. Note the paraquat-suppressed band along the 
seeded row. 
Soil Moisture and Light Penetration Measurements 
Soil moisture values for all pasture improvement treatments 
are presented in Tables 5 and 6. Soil moisture values were similar 
for all treatments at each location. Vigorous growth of nitrogen 
fertilized swards resulted in slightly lower soil moisture values as 
compared with the other treatments. Application of 2,4-D to the grass 
swards did not influence soil moisture values significantly (P<0.05) 
at either location. Slightly higher soil moisture values were found 
for the uncut management of the Bromus-dominated sward as compared 
with the lower heights, but values were usually similar for the 15-
and 7.5-cm height management for both locations (Figs, 6 and 7), 
Gravimetric measurements taken at 2- to 3-week intervals gave an 
indication of soil moisture levels present in the 0- to 5-cm zone 
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Table 5. Soil moisture values for a Bromus-dominated sward as influenced 
by pasture improvement management. Montezuma, Iowa, 1976 
Sampling date 
May June July August September October 
Management 23 4 19 2 25 11 24 8 22 15 
% 
Unfertilized control 16 18 19 17 20 10 14 11 7 15 
Grass + nitrogen 18 17 17 16 21 10 13 11 7 14 
May-interseeded BFT 20 17 17 15 21 10 14 11 7 15 
August-interseeded BFT 18 15 17 15 21 10 14 12 7 14 
( 
Table 6. Soil moisture values for a Poa-domlnated sward as influenced 
by pasture improvement management. Beaconsfield, Iowa, 1976 
Sampling date 
June July August September 
Management 4 7 19 31 13 28 
Unfertilized control 26 16 
/o 
12 16 18 28 
Grass + nitrogen 25 14 10 16 17 26 
May-interseeded BFT 32 17 12 17 16 27 
May-interseeded ÂLF 29 15 12 16 15 28 
August-interseeded BFT 28 15 12 18 17 28 
August-interseeded ALF 27 15 12 18 18 28 
Figure 5. Emergence of BFT seedlings from the tilled slot formed by 
the John Deere Powr-Till seeder. Montezuma, Iowa, 1976. 
Figure 6. Uncut, 15-cm and 7.5-cm canopy height managements of the 
Bromus-domlnated sward. Montezuma, Iowa, June, 1976. 
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Figure 7. Fifteen and 7.5-cm canopy height managements of the Poa-
dominated sward. Beaconsfield, Iowa, June, 1976. 
Figure 8. Unexposed diazo paper booklets, plastic exposure boxes, and 
neutral density filter calibration grid used for light 
penetration estimates. 
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for the summer of 1976. The Importance of this has been stressed by 
Strand and Fribourg (68). Monitoring soil moisture via the buried 
porous block-electron resistivity technique would also have been a 
satisfactory method (21). Measurements made more frequently and at 
several depths were not attempted because of the remoteness of the 
study sites. 
Data on soil moisture levels for suppressed and unsuppressed 
swards are presented in Tables 7 and 8. Soil moisture values were 
greater for the herbicide-suppressed band for approximately 1 month 
following application, as compared with the unsprayed sward for both 
the Poa- and Bromus-dominated swards. When paraquat and glyphosate 
treatments were compared, soil moisture values were greater for the 
broadcast-paraquat treatment (Table 9). 
Soil moisture values for the suppressed swards were greater both 
for the moist soil conditions of May and June, 1976, and for the 
droughty conditions of August, 1976 than for unsuppressed swards. The 
greater soil moisture availability may be attributed to reduced moisture 
utilization by the suppressed-grass plants. Suppression caused by 
paraquat is noticeable within approximately 1 day and presumably trans-
pirational water loss from the sward ceases within a few days. 
Suppression caused by glyphosate is not noticeable for 7 to 10 days 
because of translocation and slower physiological action. Thus, water 
loss through transpiration presumably occurs for a longer period. The 
greater transpirational water loss and water use by the glyphosate-
Table 7. Soil moisture values for a Bromus-dominated sward as influenced by band-applied 
paraquat. Montezuma, Iowa, 1976 
Herbicide treatment 
Sampling date 
May 
23 
June 
19 
13 May Application 
Herbicide band 
Unsprayed 
13 August Application 
Herbicide band 
Unsprayed 
19.2a* 
20.8a 
18.1a 15.3a 
16.0a 15.4a 
July 
21 
% 
20.7a 
20.9a 
August 
24 
14.3a 
13.6b 
September 
8 24 
11.7a 
11.3b 
6.4a 
6.7a 
October 
15 
14.6a 
14.2a 
*Means in a column not followed by the same letter differ at the 0.05% level of probability 
using Duncan's multiple range test. 
Table 8. Soil moisture values for a Poa-dominated sward as influenced by band-applied paraquat 
or glyphosate. Beaconsfield, Iowa, 1976 
Sampling date 
June July August September 
Herbicide treatment 4 7 19 31 13 28 
13. May Application 
Herbicide band^ 30.8a* 15.4a 11.6a 
Unsprayed 27.8b 13.9b 11.9a 
12 August Application 
Herbicide band • 17.3à 16.8a 28.2a 
Unsprayed , 16.2a 16.0a 26.7a 
*Means in a column not followed by the same letter differ at the 0.05% level of probability 
using Duncan's multiple range test. 
"*31ean of samples taken from both paraquat and glyphosate bands. 
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Table 9. Soil moisture values for a Poa-dominated sward as influenced 
by three grass-suppression treatments. Beaconsfield, Iowa, 
1976 
Sampling date 
Treatment 
June 
4 
July 
7 19 
August 
31 
September 
13 28 
aj 
13 May Application 
. iO 
Paraquat broadcast 32 16 12 
Paraquat banded 29 14 12 
Glyphosate banded 30 15 11 
12 August Application 
Paraquat broadcast 20 19 29 
Paraquat banded 17 16 28 
Glyphosate banded 
— —— — 
16 16 27 
Table 10. Mean visual estimates of ground cover composition of a Poa-
dominated sward as influenced by four pasture improvement 
managements. Beaconsfield, Iowa, 1976-1978 
Year 
1976 1977 1978 
Improvement % % % % % % 
management Grass Weeds Grass Weeds Grass Weeds 
Unfertilized control 38a* 38b 43a 14a 76a 10a 
Grass + 2,4-D 55ab 13a 52a 15a 75a 10a 
Grass + nitrogen 60bc 34b 83b 5b 88b 3b 
Grass + nitrogen + 2,4-D 82c 8a 85b 2b 86ab 4b 
*Means in a column not followed by the same letter differ at the 
0.05% level of probability using Duncan's multiple range test. 
"'"Means of estimates made by three independent estimators. 
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sprayed plants may account for the slightly lower values recorded for 
the glyphosate-suppressed sward. Greater soil moisture, and apparently 
greater moisture availability, for the paraquat-suppressed swards did 
not appear to result in more established seedlings, but did appear to 
influence seedling size as measured by ground cover estimates (Table 2). 
The benefit of greater soil moisture for the broadcast-paraquat swards 
may have been caused by the drought conditions of 1976. Sward kill 
by glyphosate may be a more effective suppression treatment in a more 
favorable growing season. 
The light measurement method described briefly in the REVIEW OF 
LITERATURE and MATERIALS AND METHODS sections proved to be readily 
adaptable to this study. Materials used and methods described for the 
diazo (ozalid) paper booklet method are shown in Figs. 8 and 9. The 
assignment of an exposure value to the last partially exposed page of 
the booklets proved to be the most difficult step in the diazo paper 
method (Fig. 9). The difficulty was partially resolved by frequent 
reference to a series of partial exposures, previously given arbitrary 
values from 1 to 5. 
The gravimetric soil moisture measurements and the light measure­
ments used in this study should be considered as being semi-quantita­
tive estimates of soil moisture and light penetration, respectively. 
Without the availability of electronic sensing and recording equipment, 
semi-quantitative methods seemed appropriate and adaptable. Semi­
quantitative results were considered adequate for the interpretations 
• 66 
Figure 9. Exposed diazo paper booklets and calibration grid exposure 
booklet obtained following light penetration estimates. 
Figure 10. Birdsfoot trefoil and sward regrowth 10 days after harvest 
at 7.5 cm. Bromus-dominated sward, Montezuma, Iowa, 1976, 
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made and were considered more valid than visual observations and 
intuitive reasoning as they pertain to microenvironment conditions 
for the interseeded sward. 
Legume Establishment and Sward Composition 
This section includes observations on the seeding establish­
ment aiid vigor of interseeded legumes. Also included are 
botanical composition data comparing the interseeded swards with those 
of nitrogen-fertilized and unfertilized swards. 
Although the August, 1976 interseedings were considered as 
failures, plant counts at both locations during the 1977 growing 
season revealed that there were a few birdsfoot trefoil plants present 
in the year following seeding. The size of the birdsfoot trefoil 
plants indicated that the plants had germinated that same spring, 
2 
presumably from hard seeds. Approximately one birdsfoot trefoil plant/m 
was observed in June, 1977 at both locations. Birdsfoot trefoil stand 
2 
densities were reduced to approximately 0.5 plants/m by August, 1977. 
No alfalfa seedlings were observed in 1977 following the August, 1976 
interseeding. 
The hard-seed component is an important factor in legume establish­
ment via interseeding. Newly germinated birdsfoot trefoil seedlings 
were observed at each stand count made during the seeding year at both 
locations. If adverse climatic conditions result in the death of the 
primary stand, as occurred for the August, 1976 seedings, then a few 
plants may still result from the hard seed under more favorable 
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growing conditions. If the species is one which sets and shatters 
seed profusely, as does birdsfoot trefoil (72, 73), and the sward 
is managed to encourage seed set (87), a slow improvement in pasture 
productivity may still be made. 
Observation of plant development under the canopy managements of 
the Bromus-dominated sward during the seeding year indicated how 
birdsfoot trefoil seedlings responded to the clipping height and light 
environments under which they developed. The environment of highest 
light availability and lowest clipping height (7.5-cm management) 
resulted in plants with basal leaf development and numerous stems 
(Fig. 10). Plants established under the 15-cm height usually had 
fewer stems than did those developed under the 7.5-management. They 
also had most of the leaf area above 3 to 4 cm. The plants established 
under the uncut canopy management usually had only 1 to 3 stems and 
virtually no leaf area below 6 cm (Fig. 11). 
The ultimate measure of plant vigor in the seeding year should 
be how rapidly the interseeded plant becomes established as a 
significant component of the sward. From the relationships presented 
in Fig. 4 it appears that the slope of the curve from one year to the 
next could be a measure of the vigor of the birdsfoot trefoil plants 
in the sward. If these slopes are a valid measure of plant vigor, then 
the plants established for the 7.5-cm height would appear to have 
been more vigorous during the seeding year than were those established 
under the uncut and 15-cm height. The birdsfoot trefoil plants 
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Figure 11. Blrdsfoot trefoil and sward growth of the uncut management 
in the interseeded Bromus-dominated sward. Montezuma, 
Iowa, 1976. 
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developed under the 15-cm and uncut managements appeared to gain vigor 
during the first production year. A greater relative increase in 
percentage in the sward in the second production year resulted for 
the uncut management. Presented in Fig. 3 are curves for legume 
percentage increase over years for the birdsfoot trefoil and alfalfa 
interseeded into the Poa-dominated sward. The slopes of increase in 
legume percentage from 1976 to 1977 indicate that both alfalfa and 
birdsfoot trefoil plants developed in broadcast paraquat or banded 
glyphosate were more vigorous during the seeding year than were those 
for banded paraquat. The alfalfa and birdsfoot trefoil plants 
established with banded paraquat appeared to have gained vigor in the 
first production year. 
Theoretically, it would seem that the relative change in the 
percentage of legume in the established sward would also be a measure 
of the change in vigor of the legume plants in the sward. Grazing, 
fertility, or other management practices could have either a positive 
or negative influence on plant vigor and percentage of the legume in 
the sward. 
Botanical composition data obtained for the unfertilized control, 
the nitrogen fertilized grass, and the interseeded swards are 
presented in Tables 10 and 11. Although the August, 1976 inter-
seedings did not result in acceptable grass-legume mixtures, the 
phosphorus and 2,4-DB treatments were continued for these swards for 
comparison with the three improved managements. 
Table 11. Mean visual estimates of ground cover composition of a Bromus-dominated sward as 
influenced by four pasture improvement managements. Montezuma, Iowa, 1976-1978 
Improvement 1976 
1977 1978 
management BET SB KBG Weeds BFT SB KBG Weeds BFT SB KBG Weeds 
Unfertilized control 0 50 26 12 0 
/b 
42 31 4 0 29 29 17 
Grass + nitrogen 0 53 26 9 0 51 25 2 0 38 25 13 
May-interseeded BFT 4 45 14 21 22 35 19 3 32 23 13 12 
August-interseeded BFT 0 44 27 13 1 41 32 4 4 28 21 17 
^Means of estimate made by three independent estimators, 
Table 12. Mean visual estimates of ground cover composition^ of a Bromus-i dominated sward as 
influenced by clipping height. Means of four pasture improvement managements. 
Montezuma, Iowa, 1977 and 1978 
1977 1978 
Clipping height SB KBG Weeds BFT SB KBG Weeds 
<y 
7.5-cm 24a* 41a 29a 3a 31a 30a 27a 13a 
4.0-cm 21a 43a 25b 3a 32a 29b 20b 17b 
*Means in a column not followed by the same letter differ at. the 0.05% level of probability 
using Duncan's multiple range test. 
Means of estimates made by three independent estimators. 
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Tables 2 and 10 indicate the dynamic change in sward composition 
of a Poa-dominated sward as influenced by improvement managements. 
In June, 1976, ground cover estimates of the original unimproved 
sward showed approximately 30% Kentucky bluegrass, 40% weeds, and 30% 
bare ground. Weed percentages were significantly (P^O.05) reduced 
by 2,4-D application in the seeding year (approximately 36% in the 
untreated sward to approximately 10% for plots receiving 2,4-D). 
Kentucky bluegrass percentage in the unfertilized swards increased 
in the seeding year as weed percentage decreased. Kentucky bluegrass 
percentage Increased significantly (P<0.05) when the sward was 
fertilized with 75 kg/ha of nitrogen. The largest percentage of 
Kentucky bluegrass was found for swards receiving both nitrogen 
and 2,4-D. 
Weed percentage decreased and Kentucky bluegrass percentage 
increased during the first and second production years in the Poa-
dominated sward when either fertilized with nitrogen or unfertilized 
(Table 10). Weed percentage decreased for both 2,4-D sprayed or 
unsprayed swards, indicating that frequent close clipping is an 
effective weed control practice when annual broadleaf weeds are the 
predominant pasture weeds. Significantly (P<0.05) greater Kentucky 
bluegrass and significantly (P<0.05) lower weed percentages were 
usually found for the nitrogen fertilized swards as compared with 
unfertilized swards (Table 10). 
Kentucky bluegrass percentage for the Poa-dominated sward which 
was Interseeded in August, 1976 was usually Intermediate between that 
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of the unfertilized and the nitrogen fertilized sward. Weed 
percentages in the August, 1976 interseeded swards were usually similar 
to those of the nitrogen fertilized swards. 
The development of the legume component in the Poa-dominated sward 
which had been interseeded in May, 1976 resulted in substantial 
competition for the Kentucky bluegrass and weeds (Tables 2 and 10) . 
In competition with established legumes, the Kentucky bluegrass 
percentage remained at approximately 50%, much lower than for either 
the unfertilized or nitrogen-fertilized grass. By the second produc­
tion year, weeds were reduced to 2% or less of the sward composition 
for grass-legume swards, 3 to 4% for nitrogen fertilized swards, and 
10% for the unfertilized control. 
Estimates of ground cover composition for the Bromus-dominated 
sward are presented in Tables 1 and 11. Smooth bromegrass percentage 
was increased by nitrogen application as compared with the unfertilized 
sward; however, there was a general reduction in smooth bromegrass 
percentage over the 3 years. Seeding year clipping managements 
significantly (P_<0.05) influenced smooth bromegrass percentages in 
the seeding year (45%, 7.5-cm height; 51%, taller canopy managements). 
Ground cover estimates for the 4- and 7.5-cm canopy managements 
are presented in Table 12. Production year(s) height managements 
(Fig. 12) appeared to be the cause of the general reduction in 
smooth bromegrass percentage in the second and third year. The 
influence of production year(s) clipping management on smooth, 
bromegrass percentage is inconclusive, with higher smooth bromegrass 
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Figure 12. The interseeded Bromus-dominated sward following production 
year(s) harvest at 4 and 7.5 cm. Montezuma, Iowa, 1977. 
Figure 13. The interseeded Bromus-dominated sward before the third 
harvest in 1978 showing sward composition. The right and 
left front plots were established under the 15cm and uncut 
seeding year canopy managements, respectively. Montezuma, 
Iowa. 
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percentages being found in 1977 for the 4-cm management, and 
significantly (P^O.05) lower smooth bromegrass percentage found for 
the 4-cm management in 1978. 
Estimates of the proportion of Kentucky bluegrass in the Bromus-
dominated swards are presented in Tables 1 and 11. Kentucky bluegrass 
percentage remained relatively constant during the 3 years of the study, 
with only a slight increase for the unfertilized control sward. 
Kentucky bluegrass percentage was significantly (P^O.Ol) lower under 
the 4-cm management in production years as compared with that of the 
7.5-cm management (Table 12). The lower Kentucky bluegrass percentage 
for the 4-cm management was unexpected as Kentucky bluegrass usually 
tolerates close defoliation (59). 
Visual estimates of the proportion of weeds in the Bromus-
dominated sward are presented in Tables 1 and 11. Foxtail (Setaria sp.) 
was the predominant weed in all pasture improvement managements in 
1976 and 1978 (described in a previous section). The 2,4-D treatments 
significantly (P<0.05) reduced weed percentages in both the unfertilized 
and nitrogen fertilized swards during 1976 and 1977, but had no Influence 
on the weed populations present in 1978. Close clipping during 1978 
appeared to aggravate the foxtail ingression (Table 12) with signifi­
cantly (^0.05) greater weed percentage found for the 4-cm clipping 
management compared with the 7.5-cm management. 
Data presented in Table 11 show that the botanical composition 
for the unsuccessful August, 1976 interseeded sward is similar to that 
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of the unfertilized sward. The birdsfoot trefoil plants, presumably 
established from hard seeds, accounted for less than 5% of the ground 
cover by the second year following seeding. 
Estimates of the botanical composition for the May interseeded 
Bromus-dominated sward are presented in Tables 1 and 11. As the 
birdsfoot trefoil percentage increased during the study, smooth 
bromegrass, Kentucky bluegrass, and weed percentages were decreased 
in comparison with the other three pasture improvement managements. 
The resulting sward composition was approximately 50% legume and 50% 
grass (Fig. 13). 
Dry Matter Yields 
Dry matter yields obtained during the 3 years of the study 
are presented in Tables 13 and 14. Application of 75 kg/ha of nitrogen 
annually resulted in significantly (P^0.05) greater dry matter yield 
for both the Poa-domlnated and Bromus-dominated swards, as compared 
with the unfertilized swards. Dry matter yield increases of 50 to 
120% were found for the nitrogen fertilized, Poa-dominated swards and 
increases of 33 to 50% were found for the nitrogen fertilized Bromus^ 
dominated swards as compared with the respective unfertilized swards. 
Herbicide application at interseeding resulted in reduced dry 
matter yields for the interseeded swards in the seeding year (Tables 
13 and 14). The dry matter yield for the interseeded Poa-dominated 
sward was reduced to nearly half that of the unfertilized control sward 
(Table 13). A 10% yield reduction resulted during the seeding year 
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Table 13. Dry matter yields of a Poa-domlnated sward as influenced by 
six pasture Improvement managements. Beaconsfield, Iowa, 
1976-1978 
Improvement 
management 
Harvest year 
1976" 1977 1978 
Unfertilized control 
Nitrogen-fertilized 
May-interseeded 
ALF 
BFT 
August-interseeded 
ALF 
BFT 
840a* 
1480b 
470a 
490a 
570a 
540a 
kg/ha — 
1570b 
. 3440d 
4220e 
3660d 
2160c 
2170c 
2320c 
3560d 
6010g 
5360f 
2440c 
2450c 
Means in the body of the table not followed by the same letter 
differ at the 0.05% level of probability using Duncan's multiple range 
test. 
Yields for 1976 represent post-interseeding production. 
Table 14. Dry matter yields of a Bromus-dominated sward as influenced 
by four pasture improvement managements harvested at 7.5-cm. 
Means of 2,4-D or 2,4-DB sprayed and unsprayed treatments. 
Montezuma, Iowa, 1976-1978 
Improvement 
management 
Harvest year 
1976 1977 1978 
Unfertilized control 
Grass + nitrogen 
May-interseeded BFT 
August-interseeded BFT 
1830ab* 
2670c 
1410a 
2140ab 
kg/ha 
2570bc 
441 Od 
3840d 
2700bc 
3520d 
5400e 
6180e 
3800d 
Means in the body of the table not followed by the same letter(s) 
differ at the 0.05% level of probability using Duncan's multiple range 
test. 
Yields for 1976 represent post-interseeding production. 
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for the Interseeded Bromus-dominated sward (Table 14). The August, 1976 
interseeded swards were unsuppressed for most of the 1976 growing 
season and therefore, produced slightly greater dry matter than did 
the May, 1976 interseeded swards. 
Dry matter yields of the successfully interseeded swards were 
increased significantly (P^O.05) each year of the study and exceeded 
those of all other pasture improvement treatments by the first or 
second year following seeding. Dry matter yields of the Poa-dominated 
swards interseeded with alfalfa were significantly (P^O.05) greater 
than the nitrogen-fertilized sward in the first production year with 
both interseeded alfalfa and birdsfoot trefoil yields significantly 
(P^O.05) greater than the nitrogen-fertilized sward in the second 
production year (Table 13). Dry matter yields of the Bromus-dominated 
swards successfully interseeded with birdsfoot trefoil were similar 
to those of the nitrogen-fertilized grass in the two production years 
(Table 14). By the second production year, however, the yields 
for the birdsfoot trefoil-grass mixture exceeded those of the 
nitrogen-fertilized Bromus-dominated sward. 
Dry matter yields were significantly (P£0.05) influenced by 
canopy management in the seeding year at both locations and by 
production year(s) clipping management for the Bromus-dominated swards. 
Nearly twice as much dry matter was obtained for the 7.5-cm management 
than for the 15-cm management in the seeding year. These values were 
936 and 440 kg/ha obtained from the Poa-dominated sward and 2010 and 
1030 kg/ha obtained from the Bromus-dominated swards harvested at 
7.5- and 15-cm managements, respectively. Plots for all improvement 
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managements maintained at the uncut height during the seeding year 
were harvested at 7.5-cm in mid-October of the seeding year'and yielded 
an average of 1250 kg/ha of dry matter. Approximately 5060 and 5650 
kg/ha of dry matter were obtained from the Bromus-dominated swards 
during 1977 and 1978 for the 4-cm clipping height compared with 3530 
and 4600 kg/ha obtained during 1977 and 1978 for the 7.5-cm height. 
Statistical analysis of dry matter yield data showed a significant 
(P_10.05) interaction between pasture improvement managements and 
clipping heights in the seeding year for the Bromus-dominated swards 
in 1978. The 7.5- and 15-cm clipping height in the seeding year 
increased birdsfoot trefoil percentage in the May interseeded swards 
and decreased smooth bromegrass percentage in the all-grass swards. 
These changes were directly reflected in the corresponding higher and 
lower dry matter yields obtained for those swards in 1978 (Tables 3 
and 14). 
Distribution of yield 
The availability of a uniform supply of palatable and digestible 
dry matter in the pasture is often of more practical importance to the 
ruminant livestock producer than is increased yield. Herbage growth is 
usually reduced during the hot summer months of July and August, thus 
a pasture improvement management which results in a more uniform 
distribution of production in the summer months would be highly 
desirable. 
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Data as they pertain to the distribution of dry matter production 
are presented in Figs. 14 and 15. Data presented in Figs. 14 and 15 
are those for 1978, a year characterized as having normal precipitation 
and sward growth patterns and in which the legume component of the 
interseeded swards was well established. 
Dry matter yields of the Poa-dominated swards taken at the first 
harvest were 72, 76, 57, and 64% of the total yield for the unimproved, 
nitrogen-fertilized. May-interseeded, and August-interseeded manage­
ments, respectively (Fig. 14). The corresponding yield proportions 
taken at the first harvest for the Bromus-dominated swards were 49, 
64, 47, and 48% for the unimproved, nitrogen-fertilized. May-inter­
seeded, and August-interseeded managements, respectively (Fig. 15). 
These data show much higher proportions of total production in the 
spring months than were reported by Wedin et al. (89) for an earlier 
Iowa pasture study. They reported that 34, 50, and 35% of the total 
yield was harvested before 30 June for unimproved, nitrogen-fertilized, 
and birdsfoot trefoil-grass swards, respectively. 
In the present study, most of the additional dry matter obtained 
from the nitrogen-fertilized swards, as compared with the unfertilized 
swards, was obtained at the first and second harvests. Dry matter 
production in the summer and early autumn was low for both the 
nitrogen-fertilized and the unfertilized, Poa-dominated swards. 
The grass-legume swards resulting from the May interseedings also 
produced most of their dry matter during the spring and early summer; 
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Figure 14. Dry matter yield distribution by harvest of a Poa-dominated 
sward in 1978 as influenced by pasture improvement management. 
Beaconsfield, Iowa. 
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83 
but produced more herbage dry matter in the late summer and autumn 
months than did the grass swards. Although summer and autumn production 
of the Poa-dominated swards which were interseeded was low, it was 
approximately 1.5 to 2 times greater than either the nitrogen-fertilized, 
the unfertilized, or the August-interseeded Kentucky bluegrass swards 
(Pig. 14). The combined summer and autumn production of the Bromus-
dominated sward interseeded with birdsfoot trefoil was nearly equal 
to that obtained at the first harvest, but it was only 1/10 to 1/3 
greater than that of either the unfertilized, the nitrogen-fertilized, 
or the August-interseeded swards. Third and fourth harvest yields of 
the Bromus-dominated swards were nearly five times greater than were 
those of the Poa-dominated swards (Figs. 14 and 15). 
Composition of yield 
Knowledge of botanical composition of the dry matter yield is 
helpful in explaining the high summer and autumn production of the 
Bromus-dominated swards and in the interpretation of the total yield, 
the distribution of yield over the grazing season, and pasture improve­
ment managements as they may influence animal response. Data 
summarizing the botanical composition of the herbage harvested are 
presented in Tables 15 and 16. 
Herbage harvested from the nitrogen-fertilized and unfertilized, 
Poa-dominated swards was usually more than 90% grass at all harvests 
(Table 16). Herbage harvested from the alfalfa- or birdsfoot trefoil-
Kentucky bluegrass swards was composed of nearly equal portions of 
Table 15. Dry matter yield of a Bromus-domlnated sward in 1978 as influenced by pasture 
improvement management. Data are presented by harvest"*" and by botanical component^* 
Montezuma, Iowa 
Improvement 
management Component Harvest 1 Harvest 2 Harvest 3 Harvest 4 Total 
kg/ha 
Control KB 380 120 100 100 700 
SB 1450 260 210 300 2220 
W 90 100 380 , 430 1000 
Total 1920 480 690 830 3920 
Nitrogen-fertilizer KB 640 80 90 50 860 
SB 3110 320 320 330 4080 
W 30 60 470 390 950 
Total 3780 460 880 770 5890 
BFT interseeded May, 1976 BFT 1160 600 350 250 2360 
KB 220 80 60 90 450 
SB 1540 400 210 270 2420 
W 30 80 400 , 580 1090 
Total 2950 1160 1020 1190 6320 
BFT interseeded August, 1976 BFT 60 20 40 30 150 
KB 430 130 100 90 750 
SB 1460 290 230 280 2260 
W 120 100 450 500 1170 
Total 2070 540 820 900 4330 
+ 
Harvests 1 through 4 were taken 8 June, 11 July, 11 August, and 17 October, respectively. 
botanical components are abbreviated as follows; Birdsfoot trefoil = BFT; smooth 
bromegrass = SB; Kentucky bluegrass = KBG; and Weeds = W. 
Table 16. Dry matter yield of a Poa-dominated sward in 1978 as influenced by pasture improvement 
managements. Data are presented by harvest"^ and by botanical component^. 
Beaconsfield, Iowa 
Improvement 
management Component Harvest 1 Harvest 2 Harvest 3 Harvest 4 Total 
• kg/na 
Control KBG 1570 250 120 220 2160 
W 100 30 20 10 160 
Total 1670 280 140 230 2320 
Nitrogen- KBG 2650 430 120 270 3470 
fertilized W 50 20 10 10 90 
Total 2700 450 120 280 2560 
Interseeded May, BFT 1640 1090 130 340 3200 
1976 BFT KBG 1340 370 120 300 2130 
W 70 10 10 10 100 
Total 3050 1470 260 650 5430 
ALF ALF 2020 990 520 260 3840 
KBG 1390 480 100 10 2130 
W 10 10 10 210 40 
Total 3420 1480 630 480 6010 
Interseeded 
August, 1976 BFT BFT 30 30 10 20 90 
KBG 1450 390 160 290 2290 
W 10 20 10 10 50 
Total 1490 440 180 320 2430 
ALF ALF 0 0 0 0 0 
KBG 1580 310 150 250 2290 
W 70 20 20 20 130 
Total 1650 330 170 270 2420 
4. 
Harvest 1 through 4 were taken 15 June, 26 July, 15 August, and 19 September, respectively. 
^Botanical components are abbreviated as follows: Alfalfa = ALF; Birdsfoot trefoil = BFT: 
Kentucky bluegrass = KBG; and Weeds = W. 
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legume"and grass for the first harvest and approximately 70% legume and 
30% grass for the three later harvests. 
Herbage harvested from the nitrogen-fertilized and unfertilized, 
Bromus-dominated sward was composed of greater than 88% grass for the 
first two harvests; however, foxtail composed approximately 50% of 
the dry matter taken in the third and fourth harvests (Table 15). 
The first harvest of the Bromus-dominated sward which was interseeded 
was composed of approximately 40% birdsfoot trefoil and 59% grass. 
The second harvest was composed of approximately equal portions of 
birdsfoot trefoil and grass, with the third and fourth harvests 
being composed of approximately 30 and 25% birdsfoot trefoil, 20 
and 15% smooth bromegrass or Kentucky bluegrass, and 50 and 60% 
foxtail, respectively. Cattle were observed consuming the foxtail in 
the adjacent pasture; therefore, the relatively high percentage of 
foxtail in the pasture sward may not be as detrimental as commonly 
supposed. 
The botanical composition of herbage harvested from the August-
interseeded swards was similar to that of the unfertilized swards 
for both the Poa- and Bromus-dominated swards. There was only a small 
contribution from the legume (Tables 15 and 16). 
Dry matter yield of the grass component of interseeded swards 
was similar to that of the all-grass swards in the summer months. 
This is of significance because the percentage of grass in these 
legume-grass mixtures were lower than that of the all-grass swards 
(Tables 2, 10, and 11). This apparent stimulation of grass growth in the 
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legume-grass swards may indicate that nitrogen cycling from the legume 
to the grass component was occurring. Because of the differences in 
grass proportion in the various swards, it is difficult to estimate 
the magnitude of the apparent nitrogen contribution from the legume. 
Although there is evidence of some additional production from the 
grass component in the legume-grass swards, the data in this study 
indicate that most of the additional herbage production obtained 
from the inclusion of a legume into a grass sward comes from the 
herbage production of the legume component. 
Implications of Forage Supply for Ruminant Livestock 
Extension publications and articles in the popular press, as 
they pertain to interseeding, do not emphasize sufficiently the 
pasture and livestock management aspects associated with the improve­
ment of pastures via interseeding. A number of questions should be 
posed to the forage producers as they evaluate interseeding as a 
pasture improvement method. Some of these questions are: Which 
legume or grass species will best accomplish the desired improvement? 
Can these species be interseeded and established within the time frame 
expected for the improvement; How well will the new sward type fit 
into the overall grazing scheme and livestock enterprise? And, what 
livestock management problems may be encountered during the establish­
ment of the improved sward via the interseeding method? This last 
consideration deals not only with the reduced forage supply often 
encountered during the interseeding year, but also how the forage 
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supply or livestock numbers are to be managed during the interseeding 
year. This is necessary to ensure an adequate supply of forage to 
meet the nutritional needs of the livestock at all times. 
The lower herbage yield from the interseeded swards in the seeding 
year must either be supplemented with additional forage from other 
sources or livestock numbers must be reduced to prevent serious 
deficiencies in forage supply. The anticipated 2- to 3-fold increase 
in herbage production from interseeded swards in later years will likely 
mean that livestock numbers will eventually be increased. Thus, the 
option of reducing livestock numbers during the interseeding year 
does not seem to be a logical one. The supplementation of forage 
remains a viable option. The application of nitrogen to other pasture 
swards on the farm or the producing of a summer annual such as hybrid 
sudangrass or forage sorghum both would be possible means of Increasing 
short-term forage production on the farm. Limiting the area being 
interseeded in a given year will minimize the forage availability 
difficulties. 
The results obtained in this study indicate that the sward 
management factors which maximize light availability in the sward are 
critical to the success of legume establishment in sods. Close 
grazing before interseeding reduces sward vigor and removes sward 
growth to facilitate the seeding operation. The use of herbicides 
for grass suppression was effective in reducing sward competition 
for approximately 1 month. Indications were that more soil moisture 
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was available to legume seedlings becoming established in the herbicide-
suppressed swards. Defoliation management of the interseeded sward 
following seeding was, however, was shown to be a critical factor affect­
ing the light availability to the establishment of interseeded legumes. 
The results obtained in this study indicate that for vigorously 
growing swards, close defoliation is more beneficial to legume establish­
ment than are managements which result in taller swards. It is also 
likely that defoliation at 2- to 3-week intervals may be beneficial 
in reducing the fluctuation in light availability in the sward, 
particularly during periods of rapid sward growth. Management practices 
which maximize light may be particularly important for the establishment 
of slow-growing, shade-intolerant species such as birdsfoot trefoil, 
but may be less important for the more vigorous, shade-tolerant 
species such as alfalfa and red clover. 
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CHAPTER V. CONCLUSIONS 
1. Alfalfa and birdsfoot trefoil can be interseeded successfully into 
long-term pastures in southern Iowa, with swards composed of 40% 
or more legume attainable by the second year following seeding. 
2. Greater soil moisture was found for approximately 1 month following 
paraquat and glyphosate application. 
3. The 7.5-cm canopy management, as compared with taller canopies, 
allowed more light penetration in both the Poa- and Bromus-
dominated swards. 
4. For rapidly growing swards, close defoliation at 2- to 3-week 
intervals may be necessary to maintain light availability to the 
establishing interseeded species. 
5. Defoliation at a 4-cm height during the two production years 
did not adversely influence the percentage of birdsfoot trefoil 
in the established swards. 
6. Frequent, close clipping is as effective as 2,4-D application in 
the control of annual broadleaf weeds in pasture swards; however, 
annual grassy weed ingression may be aggravated by close and 
frequent defoliation. 
7. Alfalfa- and birdsfoot trefoil-Kentucky bluegrass swards established 
via interseeding can produce 2- to 3-fold increases in dry matter 
yield as compared with the unimproved sward. 
8. Following interseeding, most of the additional dry matter yield 
produced by the grass-legume results from an increase in the 
yield of the legume component. 
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APPENDIX 
Table Al. Monthly precipitation and deviation from normal. Beaconsfield, Iowa, 1976-1978 
Departure Departure Departure 
^ from from from 
Month Normal 1976 normal 1977 normal 1978 normal 
cm 
January 2, .90 0. 28 -2, .61 0, .58 —2, .32 0, .89 -2. ,01 
February 2. ,59 4. 39 1. ,80 0. ,30 
-2, .29 1. ,60 —0. 99 
March 4, .98 7. 70 3, .28 9, .17 4. ,19 1, 50 -3. ,48 
April 7. 32 17. 63 10, .31 6. ,60 0, .72 14, .30 6. 99 
May 9, .83 6. 17 
-3, .66 5. ,11 -4. ,72 12, .31 6. 98 
June 13, .31 8. 66 
-4, .65 2, .49 -10, .82 6, .35 2, .48 
July 7. 44 14. 45 7. ,01 3. ,07 -4. ,37 17. ,42 6. ,96 
August 11. 84 5. 26 -6, ,58 20, 01 8, 17 8, .43 -3. 41 
September 9. ,29 6. 04 -3. ,25 13, .49 4. ,20 22, .30 13, .01 
October 5. ,71 3. 63 -2. ,08 17. 62 11. ,91 3. 48 -2. ,23 
November 4. ,80 0^ 30 -4. ,50 1. ,22 -3. ,58 8, .00 3. ,20 
December 2, 92 o: 20 -2, .72 1, .60 -1. ,32 0, .53 -2. ,39 
Total 83. ,06 74. 73 -8. 33 81. ,28 -1. ,78 97, .13 14. ,07 
+ 
Normals are based on 30 years (1931-1960) of records at the Mount Ayr, Iowa Weather Station, 
easurements made approximately 1 km from the experiment site. 
Table A2. Monthly precipitation and deviation from-normal. Monetzuma, Iowa, 1976-1978 
Departure Departure Departure 
^ from from from 
Month Normal 1976 normal 1977 normal 1978 normal 
cm 
January 3, .07 41 -2. ,66 .91 -2. ,16 1. 12 -1, .95 
February 2, .59 5. 54 2. ,95 .91 
-1, .68 3. 56 0, .97 
March 6, 05 8. 61 2, .56 10, .51 4, .46 2. 36 -3, .69 
April 7. ,92 14. 63 6, .71 3, 07 -4. 85 . 14. 30 6. ,38 
May 11. ,07 . 5. 56 -5. ,51 7. ,47 -3. ,60 7. 98 -3. 09 
June 13. ,00 9. 65 
-4, .35 5, .82 -7 .18 11. 96 -1, .04 
July 9. ,98 10. 16 0. ,18 6. 91 -3. 07 11. 96 1. ,98 
August 9. 12 7. 24 —1. ,88 27, .10 17, .98 6. 80 -2, .32 
September 9. ,96 1. 80. 
-8, ,16 18. ,54 8. ,58 16. 18 6, .22 
October 6. ,05 4. 31 
-1, .74 12. ,73 6. ,68 5. 36 4, .63 
November 4. 29 0. 05 -4. 24 1. ,19 -3. ,10 8. 92 4, 62 
December 3. ,48 0. 69 -2. ,79 2. ,84 -0. ,64 3. 43 -0. ,05 
Total 87. ,58 68. 66 -18. ,92 98. ,02 10. ,44 93. 93 6. ,35 
^Normals are based on 30 years (1931-1960) of records at the Grinnell, Iowa Weather Station. 
Measurements were made approximately 8 km from the experiment site. 
